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SUMMARY 
A F o r t r a n  program d e s c r i b i n g  t h e  v i b r a t i o n  modes o f  a r o t o r - b e a r i n g  sys- 
t e m  i s  a n a l y z e d  f o r  p a r a l l e l i s m ,  and a d a t a - f l o w  s ta temen t  o f  t h e  p rob lem i s  
deve loped .  T h i s  s ta temen t  i d e n t i f i e s  t h e  i n h e r e n t  p a r a l l e l i s m  i n  t h i s  s imu la -  
t i o n  u s i n g  a p a s c a l - l i k e  s t r u c t u r e d  language.  P o t e n t i a l  v e c t o r  o p e r a t i o n s  a r e  
a l s o  i d e n t i f i e d .  
A c r i t i c a l  p a t h  t h r o u g h  t h e  s i m u l a t i o n  i s  i d e n t i f i e d  and used i n  con junc -  
t i o n  w i t h  somewhat f i c t i c i o u s  p r o c e s s o r  c h a r a c t e r i s t i c s  t o  d e t e r m i n e  t h e  t i m e  
t o  c a l c u l a t e  t h e  p rob lem on a p a r a l l e l  p r o c e s s i n g  s y s t e m  h a v i n g  those  c h a r a c t -  
e r i s t i c s .  A p a r a l l e l  p r o c e s s i n g  overhead t i m e  i s  i n c l u d e d  as a parameter  for 
p r o p e r  e v a l u a t i o n  o f  t h e  g a i n  o v e r  s e r i a l  c a l c u l a t i o n .  The s e r i a l  c a l c u l a t i o n  





I t i m e  i s  d e t e r m i n e d  f o r  t h e  same f i c t i c i o u s  system. An improvement o f  up t o  
Based on t h e  a n a l y s i s ,  c e r t a i n  c o n c l u s i o n s  a r e  drawn p e r t a i n i n g  t o  t h e  
deve lopment  needs o f  p a r a l  l e 1  p r o c e s s i n g  t e c h n o l o g y ,  and t o  t h e  s p e c i f i c a t i o n  
o f  p a r a l l e l  p r o c e s s i n g  systems t o  m e e t  s p e c i f i c  c o m p u t a t i o n a l  needs. 
INTRODUCTION 
The work d e s c r i b e d  i n  t h i s  r e p o r t  r e s u l t e d  from t h e  c o o p e r a t i v e  e f f o r t s  
i n  p a r a l l e l  p r o c e s s i n g  underway i n  t h e  I n t e r n a l  F l u i d  Mechanics D i v i s i o n  and 
t h e  S t r u c t u r e s  D i v i s i o n  a t  t h e  Lewis Research C e n t e r .  
e f f o r t s  a r e  t o  e s t a b l i s h  t h e  r e q u i r e m e n t s  o f  p a r a l l e l  p r o c e s s i n g  to  meet t h e  
c o m p u t a t i o n a l  needs o f  these  d i v i s i o n s ,  and t o  commonly advoca te  and pu rsue  
p a r a l  l e 1  p r o c e s s i  ng t e c h n o l o g y  based on these  r e q u i r e m e n t s .  
r e q u i r e m e n t s  for p a r a l  l e 1  p r o c e s s i n g  t e c h n o l o g y  deve lopment .  
a s t r u c t u r a l  dynamics model o f  a r o t o r - b e a r i n g  system. The sys tem i s  d iagramed 
i n  f i g u r e  1 .  
p r e l o a d e d  b a l l  b e a r i n g s .  The b e a r i n g s  w e r e  mounted i n  a s q u e e z e - f i l m  damper 
j o u r n a l  c o n t a i n i n g  a c e n t e r i n g  s p r i n g .  The c a l c u l a t i o n  approach i s  d e s c r i b e d  
i n  r e f e r e n c e  1 .  The purpose o f  t h e  s i m u l a t i o n  i s  t o  i d e n t i f y  t h e  s h a f t  v i b r a -  
t i o n  a t  each t i m e  s t e p  and t o  d i s p l a y  t h e  v i b r a t i o n s  i n  te rms of a m o t i o n  p i c -  
t u r e .  F i x e d  t i m e  s t e p s  o f  0 .12  msec a r e  c o n s i d e r e d  s a t i s f a c t o r y  t o  d e f i n e  t h e  
sys tem dynamics.  I n  t h e  s i m u l a t i o n ,  an e x t e r n a l  f o r c i n g  f u n c t i o n  p r o v i d i n g  
s h a f t  p o s i t i o n ,  v e l o c i t y  and a c c e l e r a t i o n  i s  assumed to  be a v a i l a b l e  f o r  sam- 
p l i n g  a t  each t i m e  s t e p .  
The o b j e c t i v e s  o f  t h e s e  
A number o f  benchmark s i m u l a t i o n s  a r e  b e i n g  r e v i e w e d  t o  e s t a b l i s h  t h e  
One o f  t h e s e  i s  
I t  c o n s i s t s  o f  a s h a f t  and t h r e e  d i s k s  mounted on  two a x i a l l y  
t h e  p a r a l l e l i s m  i n  t h e  s i m u l a t i o n .  The 
used t o  e s t i m a t e  t h e  c r i t i c a l  p a t h  t i m e  
t i o n  t i m e  o f  t h e  c r i t i c a l  p a t h  i s  t h e  m 
The F o r t r a n  Drosram i n  append ix  A i s  used as t h e  b a s i s  f o r  i d e n t i f y i n g  
f l o w  s t a t e m e n t  i s  t h e n  
c u l a t i o n s .  The c a l c u l a -  
e p a r a l l e l  p r o c e s s i n g  
r e s u l t i n g  d a t a  
t h r o u g h  t h e  ca 
nimum ach ievab  
I 
t i m e  and t h e r e f o r e  may be used t o  e v a l u a t e  t h e  c a p a b i l i t i e s  of s p e c i f i c  p roces -  
sors t o  do t h e  c a l c u l a t i o n .  P a r a l l e l  p r o c e s s i n g  and s e r i a l  p r o c e s s i n g  t i m e s  
a r e  de te rm ined  u s i n g  o p e r a t i o n s  and e x e c u t i o n  t i m e s  o f  a f i c t i c i o u s  b u t  r e p r e -  
s e n t a t i v e  p a r a l l e l  p r o c e s s i n g  sys tem.  A d i s c u s s i o n  o f  p a r a l l e l  p r o c e s s i n g  
overhead i s  p r o v i d e d .  F i n a l l y ,  c e r t a i n  c o n c l u s i o n s  a r e  drawn based upon t h e  
r e s u l t s  o f  t h i s  e f f o r t .  
I t  i s  i n t e n d e d  t h a t  t h e  i n f o r m a t i o n  and d i s c u s s i o n  p r e s e n t e d  w i l l  p r o v i d e  
i n p u t  fo r  e x p e r t  system s o f t w a r e  development  ( a u t o m a t i o n  o f  t h e  development  o f  
t i m e - o p t i m i z e d  p a r a l l e l  models on  any g i v e n  p a r a l l e l  p r o c e s s i n g  sys tems) ,  and 
f o r  benchmark e v a l u a t i o n s  o f  a v a i l a b l e  and p r o j e c t e d  p a r a l l e l  p r o c e s s i n g  sys- 
tems to  m e e t  t h e  c o m p u t a t i o n a l  needs o f  s i m u l a t i o n s  of t h i s  t y p e .  
PROBLEM STATEMENT 
The F o r t r a n  c a l c u l a t i o n  o f  t h e  r o t a t i n g  s h a f t  s i m u l a t i o n  c o n t a i n s  t h r e e  
main  programs:  i n i t i a l i z a t i o n ,  c a l c u l a t i o n ,  and m o t i o n  p i c t u r e  deve lopment .  
These programs o p e r a t e  i n d e p e n d e n t l y ,  l i n k e d  t o g e t h e r  by  d a t a  s e t s .  T a k i n g  
some l i b e r t i e s  w i t h  t h e  s t r u c t u r e  o f  t h e  F o r t r a n  program, t h e  f o l l o w i n g  s t a t e -  
ment o f  t h e  s i m u l a t i o n  was f o r m u l a t e d :  
PROGRAM SHAFT 
BEG1 N 
READCGEOMETRY/SHAFT DATA FILE11;  
I N I T I  A L I 2 E [ SHAFT / GEbM E TRY 1 ; 
READ[START/TERMINALl; 
R E A D [ I C / S H A F T  DATA-FILE21 
READCANGIC/ANGLE I N P U T  D E V I C E ] ;  
NEWRAP[SOLUTION/?HAFT , i C ,  START1 ; 
I F  CONVERGED THEN 
WHILE NOT STOP DO 
B E G I N  
RESETLPARAMWSTART,  ICI ;
READ[STOP/TERMINALI; 
READEANGICIANGLE INPUT D E V I C E ] ;  




where GEOMETRY, SHAFT,  S T A R T ,  I C ,  PARAMS, SOLUTION, A N G I C ,  and RESULTS a r e  
groups  o f  v a r i a b l e s  and I N I T I A L I Z E ,  R E S E T ,  READ, NEWRAP, CALCULATE, and D I S -  
PLAY a r e  c o m p u t a t i o n a l  t a s k s  wh ich  form t h e  n e x t  lower l e v e l  o f  s i m u l a t i o n  
s t a t e m e n t .  
The' . IN IT IALIZE Procedure  a l l o w s  s p e c i f i c a t i o n  o f  s h a f t  geomet ry ;  t h e  
RESET p rocedure  deve lops  i n i t i a l  c o n d i t i o n s  and t i m e  pa ramete rs ;  t h e  CALCULATE 
p rocedure  i d e n t i f i e s  t h e  dynamics of t h e  s h a f t  as a f u n c t i o n  o f  s h a f t  r o t a t i o n ;  
t h e  NEWRAP p rocedure  s o l v e s  t h e  s h a f t  model a t  a t i m e  p o i n t  u s i n g  a Newton- 
Raphson method; t h e  DOMOVIE p r o c e d u r e  deve lops  t h e  dynamics i n t o  a m o t i o n  p i c -  
t u r e  showing t h e  v i b r a t i o n s  o f  t h e  s h a f t  d u r i r l g  a c c e l e r a t i o n .  A s i m p l e  
d a t a - f l o w  a n a l y s i s  o f  t h e  program i n d i c a t e s  t h a t  READ [ A N G I C I ,  CALCULATE and 
bOMOVIE can be done i n  p a r a l l e l ,  b u t  t h e y  a r e  p i p e l i n e d ,  meaning t h a t  w h i l e  
L 
READ g e t s  a new ang 
( a t  t i m e  t = 1 > ,  a t  
e ( t  = O ) ,  CALCULATE works w i t h  t h e  one o b t a i n e d  b e f o r e  
t h e  same t i m e  DOMOVIE  d i s p l a y s  t h e  r e s u l t s  from t = 2 .  
DATA-FLOW STATEMENT 
. The d a t a - f l o w  s ta temen t  o f  t h e  s i m u l a t i o n ,  d e r i v e d  from t h e  F o r t r a n ,  i s  
i n  append ix  B .  I t  i s  a s e r i e s  o f  s ta temen ts  wh ich  must be computed s e r i a l l y  
because t h e  r e s u l t s  genera ted  by  one s t a t e m e n t  a r e  arguments o f  subsequent  
s t a t e m e n t s .  These s ta temen ts  a r e  numbered t o  i n d i c a t e  t h e i r  c o m p u t a t i o n a l  
sequence. Each s e r i a l  s t a t e m e n t ,  however ,  may c o n s i s t  o f  any number o f  o t h e r  
s ta temen ts  some o f  wh ich  a r e  da ta - f l ow- independen t  o f  each o t h e r  and may be 
computed i n  p a r a l l e l ,  some of wh ich  a r e  s e r i a l ,  f o rm ing  o t h e r  d a t a - f l o w  p a t h s ,  
and some o f  wh ich  c o n t r o l  t h e  p a t h  o f  c a l c u l a t i o n  a c c o r d i n g  t o  c a l c u l a t i o n  
r e s u l t s .  
T h i s  s i m u l a t i o n  s ta temen t  i s  n o t  un ique  s i n c e  v a r i o u s  o p e r a t i o n s  may be 
s h i f t e d  from one s ta temen t  t o  a n o t h e r  t h r o u g h  t h e  use o f  dummy v a r i a b l e s .  
Also, s ta temen ts  wh ich  may be computed i n  p a r a l l e l  w i t h i n  a s e r i a l  s t a t e m e n t ,  
may o f t e n  be moved f o r w a r d  or backward i n  t h e  c a l c u l a t i o n  sequence as a l o n g  as 
d a t a - f l o w  r e q u i r e m e n t s  a r e  n o t  v i o l a t e d .  I n  d e v e l o p i n g  t h i s  d a t a - f l o w  s t a t e -  
ment t h e  a u t h o r  a t t e m p t e d  t o  c o n s o l i d a t e  t h e  c a l c u l a t i o n s  i n t o  v e c t o r  opera-  
t i o n s  ( d e f i n e d  h e r e  as a s i n g l e  c a l c u l a t i o n  sequence o p e r a t i n g  on  l i s t s  o f  
arguments t o  produce a l i s t  o f  r e s u l t s  where t h e  l i s t s  a r e  o f  equa l  l e n g t h ) .  
T h i s  was done t o  a i d  i n  t h e  v i s u a l i z a t i o n  of t h e  c a l c u l a t i o n s  as a v e c t o r  p r o c -  
e s s .  A c t u a l  v e c t o r i z a t i o n ,  of cou rse ,  i s  v e r y  dependent  on  t h e  c o m p u t a t i o n a l  
hardware  i n v o l v e d ,  i n c l u d i n g  i t s  c a p a b i l i t i e s  i n  h a n d l i n g  i n d i r e c t  access  o f  
argument  v e c t o r  v a l u e s ,  and i n  t h e  d i s t r i b u t i o n  of r e s u l t  v e c t o r  v a l u e s  t o  
o t h e r  c a l c u l a t i o n s .  
The d a t a - f l o w  s ta temen t  i s  w r i t t e n  i n  a p a s c a l - l i k e  s t r u c t u r e  t o  s i m p l i f y  
i t s  a n a l y s i s  and u n d e r s t a n d i n g .  The s t a t e m e n t  i s  w r i t t e n  u s i n g  p r o c e d u r e s  
wh ich  conform t o  t h e  p rob lem s ta temen t  d e s c r i b e d  above, and u s i n g  c e r t a i n  o t h e r  
p rocedures  t o  a v o i d  r e p e t i t i o n  and t o  enhance c l a r i t y .  The use o f  t h e  FORWARD 
s t a t e m e n t  t o  l i n k  p rocedures  i s  o m i t t e d  f o r  t h e  sake o f  c l a r i t y .  O t h e r  m a j o r  
d e v i a t i o n s  f o r  pasca l  a r e :  
1 .  The DO-IN-PARALLEL s ta temen t  - i n d i c a t e s  t h a t  t h e  s t a t e m e n t s  between 
t h e  f o l l o w i n g  B E G I N I E N D  a r e  d a t a - f l o w  independen t  and may be computed i n  
pa ra1  l e l .  
2 .  P o s s i b l e  v e c t o r s  a r e  denoted  as comments o f  t h e  form 
where "V3" i s  a v e c t o r  p rocess  i d e n t i f i c a t i o n ,  " [ S O I "  i m p l i e s  a v e c t o r  l e n g t h  
o f  50, and t h e  rema inder  t h e  v e c t o r  c a l c u l a t i o n .  
3 .  Ass ignment  and e q u i v a l e n c e  a r e  d e s i g n a t e d  u s i n g  t h e  equa l  s i g n .  
4 .  The FOR ALL s ta temen t  i s  used as a sho r thand  d e v i c e .  The " : = "  i s  used 
t o  mean r e p l a c e m e n t .  
i s  s u c c e s s i v e l y  r e p l a c e d  by a l l  va lues  a p p e a r i n g  t o  t h e  r i g h t  o f  t h e  symbol 
t o  form a m u l t i t u d e  o f  s t a t e m e n t s .  
That  i s ,  t h e  i n t e g e r  v a r i a b l e  t o  t h e  l e f t  o f  t h e  symbol 
For example, 
3 
FOR - ALL J : = 1 . . 2  X (J>=Y(J )  
i s  i n t e r p r e t e d  as X ( l > = Y ( l )  and X (2>=Y(2 ) .  
5 .  R e s u l t s  and arguments a r e  s p e c i f i e d  as such f o r  a l l  p r o c e d u r e s .  They 
a r e  d e l i n e a t e d  as 
[RESULTS/ARGUMENTSI 
and i m m e d i a t e l y  f o l l o w  t h e  p r o c e d u r e ' s  i d e n t i f i c a t i o n .  
6 .  I n  s p e c i f y i n g  c o n s t a n t s ,  n@k i s  i n t e r p r e t e d  t o  mean n s e q u e n t i a l  
v a l u e s  o f  k .  
The d a t a - f l o w  s t a t e m e n t  t a k e s  some l i b e r t i e s  w i t h  t h e  F o r t r a n  v a r i a b l e s  
and p rocedures  t o  con fo rm t o  t h e  a u t h o r ' s  s u b j e c t i v e  concep t  of c l a r i t y ,  and 
t o  reduce  t h e  c o m p l e x i t y  o f  t h e  F o r t r a n  s ta temen ts  t o  promote p a r a l l i s m .  
of t h e  F o r t r a n  l o o p s  had t o  be expanded and many f u n c t i o n s  had t o  be merged 
i n t o  p rocedures  f o r  t h e  sake o f  c o m p u t a t i o n a l  d a t a - f l o w  ( t h e  comments i n  
append ix  6 ( t h e  d a t a - f l o w  s t a t e m e n t )  t r y  t o  p o i n t  o u t  where these  f u n c t i o n s  
were i n  t h e  o r i g i n a l  F o r t r a n  code) .  For  t h i s  reason ,  t h e  d a t a - f l o w  s ta temen t  
d i f f e r s  s u b s t a n t i a l l y  f r o m  t h e  s e r i a l  F o r t r a n  s ta temen t  o f . a p p e n d i x  A .  
Many 
THE CRITICAL P A T H  
The c r i t i c a l  p a t h  i s  t h e  l o n g e s t  c a l c u l a t i o n  p a t h  t h r o u g h  t h e  s i m u l a t  
( A  p a t h  i s  d e f i n e d  t o  c o n t a i n  no c o m p u t a t i o n a l  p a r a l l e l i s m . )  The c a l c u l a t  
t i m e  o f  t h e  c r i t i c a l  p a t h  r e p r e s e n t s  t h e  minimum t i m e  i n  wh ich  t h e  p rob lem 
be c a l c u l a t e d ,  no  m a t t e r  how many p r o c e s s o r s  a r e  used.  The c r i t i c a l  p a t h  
dependent  b o t h  on  t h e  d a t a - f l o w  i n  t h e  p rob lem and on  t h e  p r o c e s s i n g  speed 
of t h e  p a r a l l e l  p r o c e s s i n g  system on wh ich  t h e  p rob lem i s  t o  be c a l c u l a t e d  





i t  
i s  c o n d u c i v e ' t o  success t o  s p e c i f y  t h e  p rob lem u s i n g  a l g o r i t h m s  wh ich  max imize  
t h e  d a t a - f l o w  p a t h s ,  and t o  p r o v i d e  p a r a l l e l  p r o c e s s i n g  hardware  wh ich  m i n i m i z -  
es t h e  c a l c u l a t i o n  t i m e s  o f  these  p a t h s  as w e l l  as t h e  overhead ( d a t a  t r a n s -  
f e r ,  s y n c h r o n i z a t i o n ,  . . .  ) r e q u i r e d  f o r  p a r a l l e l  c a l c u l a t i o n  o f  t h e  p rob lem.  
An a n a l y s i s  o f  t h e  c r i t i c a l  p a t h  t h r o u g h  t h e  Newton-Raphson a l g o r i t h m  can 
be used t o  p r o v i d e  i n s i g h t  i n t o  t h e  p a r a l l e l  p r o c e s s i n g  o f  t h e  r o t o r - b e a r i n g  
s i m u l a t i o n .  T h i s  a l g o r i t h m  r e p r e s e n t s  t h e  b u l k  o f  t h e  c a l c u l a t i o n  i n  t h i s  s i m -  
u l a t i o n  and consumes most o f  t h e  r e q u i r e d  comput ing  power i n  each s i m u l a t e d  
t i m e  s t e p .  
The d a t a - f l o w  s t a t e m e n t  i n  append ix  6 i s  m a c r o s c o p i c a l l y  a s e r i a l  c a l c u l a -  
t i o n  i f  t h e  DO-IN-PARALLEL s ta temen ts  a r e  c o n s i d e r e d  t o  be c o m p u t a t i o n a l  
b lack -box  u n i t s .  The c o m p u t a t i o n a l  p a t h  t h r o u g h  t h e  c a l c u l a t i o n  i s  de te rm ined  
by  t h e  c o n t r o l  s t a t e m e n t s .  These a r e  s ta temen ts  such as I F ,  WHILE, and 
REPEAT . . .  UNTIL, wh ich  d i r e c t  t h e  c o m p u t a t i o n  a c c o r d i n g  to  t h e  v a l u e s  o f  comput- 
ed r e s u l t s .  I f  these  c o n t r o l  s ta temen ts  a r e  assumed t o  r e s u l t  i n  t h e  l o n g e s t  
p a t h  t h r o u g h  t h e  p rob lem t h e n  t h e  d a t a - f l o w  s t a t e m e n t  can be used as an approx-  
i m a t i o n  o f  t h e  c r i t i c a l  p a t h .  I t  i s  o n l y  an a p p r o x i m a t i o n  because e x a c t  s p e c i -  
f i c a t i o n  o f  t h e  c r i t i c a l  p a t h  depends upon p r o c e s s o r  c a l c u l a t i o n  t i m e s .  U s i n g  
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t h e  more r i g o r o u s  techn iques  d e s c r i b e d  
essor o p e r a t i o n  t i m e s ,  a more computat  
may r e s u l t .  
i n  r e f e r e n c e  2, a 
o n - t i  me-opt i m i  zed 
ong w i t h  p r e c i s e  p r o c -  
d a t a - f l o w  s t a t e m e n t  
Appendix  C c o n t a i n s  a condensed v e r s i o n  o f  t h e  d a t a - f l o w  s ta temen t  and 
append ix  D a condensed v e r s i o n  of t h e  c r i t i c a l  p a t h .  I n  these  v e r s i o n s  t h e  
s t a t e m e n t s  a r e  g i v e n  i n  an a b b r e v i a t e d  form. For example, t h e  f o l l o w i n g  abbre-  
v i a t e d  s ta temen t  appears i n  t h e  I N I T I A L I Z E  p rocedure :  
I n  t h i s  s ta temen t ,  " 2 "  i n d i c a t e s  t h a t  i t  cor responds t o  s t a t e m e n t  2 of t h a t  
p r o c e d u r e ,  and [1721 i n d i c a t e s  t h a t  t h i s  s ta temen t  c o n s i s t s  o f  172 p a r a l l e l  
s t a t e m e n t s .  The remainder  o f  t h e  a b b r e v i a t i o n  s p e c i f i e s  t h e  number and opera -  
t i o n a l  form o f  t h e  p a r a l l e l  s t a t e m e n t s .  That  i s ,  148 a r e  o f  t h e  form R=B*C 
and 24 a r e  o f  t h e  form R=B+C*D*E*(F-G). I n  t h i s  s ta temen t ,  " R "  denotes  a r e a l  
number r e s u l t .  I n  o t h e r  s ta temen ts ,  " A "  i s  used t o  s p e c i f y  a complex r e s u l t ,  
"I" and i n t e g e r  r e s u l t  and " L  "a  boo lean  r e s u l t .  The l e t t e r s  t o  t h e  r 
t h e  equa l  s i g n  a r e  used w i t h o u t  any d a t a - t y p e  c o n n o t a t i o n  t o  r e p r e s e n t  
ments .  
The c a l c u l a t i o n  t i m e  depends on t h e  c h a r a c t e r i s t i c s  o f  t h e  t a r g e t  
sors. The s ta temen t  must be b roken  down i n t o  t h e  b a s i c  machine o p e r a t  
t h a t  Drocessor and e x e c u t i o n  t i m e s  f o r  these  o p e r a t i o n s  must be known. 
g h t  o f  
argu-  
p roces -  
ons o f  
Then, 
i f  148 c a l c u l a t i o n s  o f  t h e  t y p e ,  R=C*C, r e q u i r e  more t i m e  t h a n  24 c a l c u l a t i o n s  
o f  R=B+C*D*E(F-G) ,  t h e n  t h e  f o r m e r  i s  t h e  r e p r e s e n t a t i o n  o f  t h i s  s t a t e m e n t  i n  
t h e  c r i t i c a l  p a t h  (append ix  D ) ,  and i t s  c a l c u l a t i o n  t i m e  i s  t h e  c a l c u l a t i o n  
t i m e  o f  t h e  s ta temen t  2 ( t h e  r e s t  b e i n g  done i n  p a r a l l e l ) .  I n  d e v e l o p i n g  cr i t -  
i c a l  p a t h  t i m e s ,  i t  i s  i m p o r t a n t  t o  i n c l u d e  a l l  o p e r a t i o n s  r e q u i r e d  by t h e  c a l -  
c u l a t i o n .  Da ta  t r a n s f e r  may be a l a r g e  p a r t  o f  these  c a l c u l a t i o n s  i f  more 
t h e n  one p rocesso r  i s  used, or if v e c t o r s  must be c o n s t r u c t e d  t o  p e r m i t  v e c t o r  
p r o c e s s o r  c a l c u l a t i o n  o t h e r  overheads must  be i n c l u d e d  i n  p a r a l l e l  p r o c e s s o r  
c a l c u l a t i o n  t i m e s .  A c c u r a t e  s ta temen t  t i m i n g  i s  r e q u i r e d  f o r  a l l o c a t i o n  o f  
s t a t e m e n t  e x e c u t i o n  t o  a minimum number o f  p r o c e s s o r s  and f o r  m i n i m i z i n g  d a t a  
t r a n s f e r  d e l a y s .  These c o m p l i c a t i o n s  p o i n t  o u t  t h e  need for e x p e r t  sys tem 
s o f t w a r e  t o  deve lop  p a r a l l e l  p r o c e s s o r  programs s i n c e  t h e  d r u g e r y  i n v o l v e d  i s  
l i k e l y  t o  be beyond t h e  p a t i e n c e  o f  most humans. 
A shor thand  n o t a t i o n  o p p o s i t e  t o  a s ta temen t  i s  used t o  s p e c i f y  t h e  
machine o p e r a t i o n s  necessa ry  t o  c a l c u l a t e  a s t a t e m e n t .  I n  t h e  example above 
t h e  n o t a t i o n  
wou ld  be used t o  r e p r e s e n t  t h e  o p e r a t i o n s  i n v o l v e d  i n  a c o m p l e t e l y  s e r i a l  c a l -  
c u l a t i o n  of s ta temen t  2 ,  and 
#R=L+M+S+172X 
wou ld  be used t o  r e p r e s e n t  t h e  o p e r a t i o n s  c o n t r i b u t e d  t o  t h e  c r i t i c a l  p a t h  b y  
t h i s  s t a t e m e n t .  The o p e r a t i o n  mneumonics used i n  t h e  n o t a t i o n  a r e  d e f i n e d  i n  
t a b l e  I. I n  t h e  n o t a t i o n  for  t h e  c r i t i c a l  p a t h ,  an overhead t a x  i s  imposed o n  
each r e s u l t  c a l c u l a t e d .  I t  r e p r e s e n t s  t h e  d a t a  t r a n s f e r  and o t h e r  ove rhead  
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a s s o c i a t e d  w i t h  p a r a l l e l  p r o c e s s i n g .  The o p e r a t i o n a l  e q u i v a l e n t  of t h i s  t a x  
i s  r e p r e s e n t e d  by X .  T h e r e f o r e ,  i n  t h e  example, t h e  p a r a l l e l  e x e c u t i o n  o f  
t h e  s ta temen t  would r e q u i r e  1 l o a d ,  1 m u l t i p l y ,  1 s t o r e  and 172 overhead opera -  
t i o n s  (one f o r  each r e s u l t  computed) .  
The machine o p e r a t i o n s  g i v e n  i n  append ix  C r e p r e s e n t  those  necessa ry  fo r  
s e r i a l  c a l c u l a t i o n  o f  t h e  Newton-Raphson a l g o r i t h m .  Tab le  I 1  g i v e s  a c o u n t  o f  
these  o p e r a t i o n s  i n  t h e  main p r o c e d u r e ,  NEWRAP, and i n  a l l  o f  i t s  s e r v i c e  
p r o c e d u r e s .  A t o t a l  coun t  for  t h e  comple te  a l g o r i t h m  i s  a l s o  g i v e n .  The oper -  
a t i o n s  r e q u i r e d  f o r  r e a l  number r e s u l t s  a r e  g i v e n  i n  p a r t  ( a )  o f  t h e  t a b l e ,  
and those  for complex r e s u l t s  i n  p a r t  ( b )  of t h e  t a b l e .  R e s u l t s  of o t h e r  da ta -  
t ypes  a r e  lumped i n t o  p a r t  ( a ) .  I t  was assumed t h a t  t h e  a l g o r i t h m  r e q u i r e s  20 
i t e r a t i o n s  t o  converge and t h a t  t h e  ro to r  i s  d e f i n e d  by 24  segments. On t h i s  
b a s i s ,  t h e  a l g o r i t h m ,  when execu ted  s e r i a l l y ,  r e q u i r e s  500 r e p e t i t i o n s  o f  t h e  
CALCl p rocedure ,  480 o f  CALC2, 6240 of E X T E R ,  520 o f  JOURNL and 20 r e p e t i t i o n s  
o f  SOLVE, f o r  each c a l c u l a t i o n  o f  t h e  NEWRAP main p r o c e d u r e .  I f  convergence 
i s  s u c c e s s f u l  t h e n  these  a r e  a good a p p r o x i m a t i o n  t o  t h e  o p e r a t i o n s  r e q u i r e d  
f o r  t h e  CALCULATE p rocedure  a t  each t i m e  s t e p .  
A s i m i l a r  o p e r a t i o n a l  a n a l y s i s  of t h e  c r i t i c a l  p a t h  (append ix  D)  i s  g i v e n  
i n  t a b l e  111. Note t h e  r e d u c t i o n s  i n  r e p e t i t i o n s  r e q u i r e d  f o r  most s e r v i c e  
p r o c e d u r e s ,  t h e  r e d u c t i o n  i n  most o p e r a t i o n s ,  and t h e  a d d i t i o n  o f  t h e  overhead 
t a x  o p e r a t o r ,  X ,  t o  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  o f  each p rocedure .  
Tab le  I V  p r o v i d e s  a compar ison o f  s e r i a l  e x e c u t i o n  t i m e  t o  p a r a l l e l  ( c r i t -  
i c a l  p a t h )  e x e c u t i o n  t i m e .  The numbers o f  o p e r a t i o n s  r e q u i r e d  a r e  c o n v e r t e d  
t o  e x e c u t i o n  t i m e  u s i n g  t h e  o p e r a t i o n  t i m e s  g i v e n  i n  t a b l e  I. These o p e r a t i o n  
t i m e s  a r e  r e p r e s e n t a t i v e  o f  those  a s s o c i a t e d  w i t h  t h e  M o t o r o l a  68020  p r o c e s s o r ,  
o p e r a t i n g  w i t h  cache memory and t h e  companion f l o a t i n g  p o i n t  c o p r o c e s s o r .  Note  
t h a t  s e r i a l  c a l c u l a t i o n  o f  t h e  p rob lem i s  p r o j e c t e d  t o  t a k e  abou t  2 . 4  sec .  
P a r a l l e l  c a l c u l a t i o n  t i m e  i s  g i v e n  by t h e  e q u a t i o n .  
where T x  i s  t h e  e x e c u t i o n  t i m e  a s s o c i a t e d  w i t h  t h e  overhead t a x  o p e r a t o r .  
T x  i s  n o t  s p e c i f i e d  i n  t a b l e  I s i n c e  i t  r e l a t e d  more t o  t h e  p a r a l l e l  p rocess -  
i n g  s y s t e m  t h e n  i t  i s  t o  an i n d i v i d u a l  p r o c e s s o r .  The p l o t  of t h i s  e q u a t i o n  
i s  g i v e n  i n  f i g u r e  2 .  I t  shows t h a t  a c a l c u l a t i o n  t i m e  improvement 
a p p r o a c h i n g  6 . 4  t imes  t h e  s e r i a l  c a l c u l a t i o n  may be p o s s i b l e  (assuming T x  = 0) 
w i t h  p a r a l l e l  p r o c e s s i n g  u s i n g  these  M68020 t y p e  p r o c e s s o r s  i n  a c o n f i g u r a t i o n  
wh ich  a l l o w s  c a l c u l a t i o n  i n  t h e  c r i t i c a l  p a t h  t i m e  w i t h o u t  any s i g n i f i c a n t  
overhead ( T x  = 0 ) .  On t h e  o t h e r  hand, an overhead o f  o n l y  9.33 ps causes p a r -  
a l l e l  p r o c e s s i n g  t i m e  t o  exceed s e r i a l  p r o c e s s i n g  t i m e .  I t  i s  t h e r e f o r e  
e x t r e m e l y  i m p o r t a n t  t o  m i n i m i z e  t h i s  overhead t i m e  i n  d e v e l o p i n g  p a r a l l e l  p r o -  
c e s s i n g  hardware  and s o f t w a r e ,  and t o  i n s u r e  t h a t  t h e  programming o f  t h e  p a r a l -  
l e l  p r o c e s s i n g  s y s t e m  does n o t  i n c r e a s e  t h i s  overhead.  
T h i s  p o t e n t i a l  improvement  may n o t  w a r r a n t  t h e  expense a s s o c i a t e d  w i t h  
p a r a l l e l  p r o c e s s i n g  ( t i m e ,  manpower and m a t e r i a l s ) ,  o r ,  i t  may n o t  be s u f f i -  
c i e n t  t o  meet s i m u l a t i o n  o b j e c t i v e s .  Two avenues f o r  p o t e n t i a l  improvement o f  
t h e  s i t u a t i o n  a r e  a v a i l a b l e :  ( 1 )  f i n d  a p a r a l l e l  p r o c e s s i n g  system wh ich  f u r -  
t h e r  reduces  c r i t i c a l  p a t h  c a l c u l a t i o n  t i m e ,  o r ,  ( 2 )  f i n d  a d i f f e r e n t  a l g o r i t h m  
fo r  t h e  s i m u l a t i o n  wh ich  p r o v i d e s  a s h o r t e r  c r i t i c a l  p a t h  (more p a r a l l e l i s m ) .  
Do ing  t h e  l a t t e r  would a l s o  r e q u i r e  i d e n t i f i c a t i o n  o f  a s u i t a b l e  p a r a l l e l  
p r o c e s s i n g  system. 
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C O N C L U D I N G  REMARKS 
The e f f o r t  s e e m s  t o  s u b s t a n t i a t e  t h e  f o l l o w i n g  c o n c l u s i o n s :  
1 .  F o r t r a n  i s  d i f f i c u l t  t o  i n t e r p r e t ,  n o t  se l f -documen t ing ,  and 
c e r t a i n l y  n o t  s u i t e d  t o  s t r a i g h t - f o r w a r d  d a t a - f l o w  a n a l y s i s .  A d d i t i o n a l l y ,  i t  
i s  n o t  s u f f i c i e n t l y  s t r u c t u r e d ,  n o r  i s  i t  a s u f f i c i e n t l y  h i g h  o r d e r  language 
t o  p r o h i b i t  t h e  use r  from a d v e r s e l y  a f f e c t i n g  t h e  overhead a s s o c i a t e d  w i t h  p a r -  
a l l e l  p r o c e s s i n g .  
2 .  P a r a l l e l  p r o c e s s i n g  s y s t e m s  s h o u l d  be t h o r o u g h l y  benchmarked f o r  a l l  
i n t e n d e d  a p p l i c a t i o n s .  The p a r a l l e l  t o  s e r i a l  c a l c u l a t i o n  t i m e  r a t i o s  s h o u l d  
be d e t e r m i n e d .  Then, b e f o r e  s e l e c t i n g  a system, any p r o c e s s i n g - t i m e  improve-  
ments s h o u l d  be weighed a g a i n s t  i n i t i a l  and ongo ing  c o s t s .  
3 .  S t u d i e s  o f  t h i s  k i n d ,  a l t h o u g h  v a l u a b l e  i n  benchmark e v a l u a t i o n s  o f  
systems,  a r e  v e r y  t e d i o u s  and t i m e  consuming ( a b o u t  6 man weeks  from F o r t r a n ) .  
Au tomat ion  o f  these  p rocedures  and those  a s s o c i a t e d  w i t h  t h e  programming and 
o p e r a t i o n  o f  p a r a l l e l  p r o c e s s o r s  c o u l d  e l i m i n a t e  er rors ,  m i n i m i z e  overhead,  
and reduce  t h e  t u r n - a r o u n d  t i m e .  
More g e n e r a l l y ,  p a r a l l e l  p r o c e s s i n g  i s  a v a l u a b l e  c o m p u t a t i o n a l  tool  
whose u s e f u l n e s s  may be s i g n i f i c a n t l y  i m p a i r e d  by  ( 1 )  u n s u i t a b l e  c o m p u t a t i o n a l  
a l g o r i t h m s ,  ( 2 )  e r r o r  or i n e f f i c i e n c y  i n  p a r a l l e l  p rogram g e n e r a t i o n ,  ( 3 )  too 
much o p e r a t i o n a l  overhead i n  t h e  system s o f t w a r e ,  and ( 4 )  a poor  c h o i c e  of sys- 
tem hardware  t o  meet app l  i c a t i o n  needs.  
m i g h t  be p o s s i b l e  u s i n g  knowledge-based i n t e r f a c e s  between u s e r s  and t h e  p a r a l -  
l e l  p r o c e s s i n g  systems a t  t h e i r  d i s p o s a l .  These i n t e r f a c e s  c o u l d  p r o v i d e  a 
hardware  t r a n s p a r e n c y  t o  t h e  u s e r s  w h i l e  m i n i m i z i n g  code deve lopment  t i m e  and 
i n s u r i n g  c o s t  e f f e c t i v e  u t i l i z a t i o n  o f  e x i s t i n g  r e s o u r c e s .  W i t h o u t  such i n t e r -  
f aces ,  t h e  costs o f  d e v e l o p i n g  and a d a p t i n g  codes t o  new p a r a l l e l  machines may 
s i g n i f i c a n t l y  i m p a i r  new t e c h n o l o g y  i n  t h e  a reas  o f  comput ing  s y s t e m s ,  code 
g e n e r a t i o n ,  o r  b o t h .  
The e l  i m i n a t i o n  o f  t h e s e  p i  t f a l l s  
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l a 
Here a r e  t h r e e  
d K .  The second 
~ t i e s  c a l c u l a t e d  b y  
programs t h e  f i r s t  c a l c u l a t e s  t h e  p h y s i c a l  p r o p e r t i e s  M 
rog ram c a l c u l a t e s  t h e  t r a n s i e n t  m o t i o n  u s i n g  t h e  p r o p e r -  
he f i r s t  p rogram.  
The f i r s t  
The t h i r d  program produces  a m o t i o n  p i c -  
t u r e ,  from t h e  t r a n s i e n t  m o t i o n  c a l c u l a t e d  b y  t h e  second program. 
p rogram ex tends  from l i n e  100 t o  8400.  I n p u t  i s  i n  n a m e l i s t  "Geom" and o u t p u t  
i s  i n  n a m e l i s t  " s h a f t . "  There a r e  no  s u b r o u t i n e s .  The second program ex tends  
from l i n e  8500 t o  43100. I n p u t  i s  i n  n a m e l i s t  " S t a r t , "  " I C , "  and " S h a f t . "  
O u t p u t  i s  i n  n a m e l i s t  " F i n "  and a b i n a r y  f i l e ,  F o r t r a n  7 .  " I C "  i s  updated  and 
used as a r e s t a r t  f i l e .  The main  c o n t r o l  p rogram runs  from l i n e  8500 to  
10300. A u t i l i t y  s u b r o u t i n e  r u n s  from l i n e  10400 t o  25900. 
e n t r y  p o i  n t s ; I' Z I C ,  'I "ORDER, I' "STEP , I' "DELT , I' 'I I NCR , 'I "OUTPUT, 'I "ANGLE, I' 
"RADIUS," "BC," "DEQ, "  and ROTOR. A l o g i c a l  f u n c t i o n  "NEWRAP" i s  a n o n - l i n e a r  
e q u a t i o n  s o l v e r .  
" A n g l e . "  
t h e  r e s u l t i n g  l i n e a r i z e d  e q u a t i o n  s e t .  "Jacob"  c a l l s  a s u b r o u t i n e  "EXTER"  
wh ich  c a l c u l a t e s  t h e  e x t e r n a l  f o r c e  a t  some p o i n t  on  t h e  ro to r .  Severa l  e n t r y  
p o i n t s  i n t o  " U t i l "  a r e  c a l l e d  "Rad ius , "  "Rotor," "BC, "  and IIDEQ." " E x t e r "  
c a l l s  " J o u r n l "  wh ich  i s  a p rogram t o  c a l c u l a t e  t h e  f o r c e  o n  a Journal /Darnper  
bea r  i ng . 
I t  has s e v e r a l  
I t  c a l l s  2 s u b r o u t i n e s  "Jacob"  and "So lve "  and e n t r y  p o i n t  
"Jacob"  c a l c u l a t e s  t h e  1 i n e a r i z e d  c o e f f i c i e n t s  and "So lve "  s o l v e s  
The l a s t  o f  t h r e e  programs produces  t h e  3-0 movie o f  s h a f t  motion. I n p u t  
i s  n a m e l i s t  "FRAM"  and t h e  b i n a r y  f i l e  on  F o r t r a n  tape  7 .  A complex f u n c t i o n  
FO i s  c a l l e d  wh ich  i n t e r p o l a t e s  t h e  m o t i o n  t o  equa l  t i m e  s t e p s .  









000 1 000 
0001 100 
000 1 200 
0001 300 
000 1 400 
0001 500 
0001 600 
000 1 700 
0001 800 
000 1 900 
0002000 
0002 1 00 











REAL*8 AN(2,4> ,AP(2 ,4)8(2 ,4> ,K(2.2,24,3> ,DUM,DELT ,DS, E 1  
REAL DBC(2>,EBC(2),LBC(2),EIBC(2),P(Z,Z) 
DATA PI ,G/3 .141593,386.4 /  
NAMELIST/GEOM/ N , L , DO, D I  , E ,  RHO, M , I T , I P , DBC , EBC , LBC 
READ( 5 ,GEOM> 
WRITE(6,GEOM) 
DATA P / O . , - l . , l . , O . /  
DO 2 J1=1,2 
EIBC(Jl>=EBC(Jl)*(PI*DBC(J1)**4)/64 
DO 1 J2=1,4 
1 AP(J1 ,J2>=0 
2 AP(J1 ,J1>=1 
DS=LBC( 1 )  
E I = E I B C ( l >  
S ( l ) = L ( 1 ) / 2  




A P ( 1  ,4)=DS*AP(1 , 3 > / 3  
N l = N + l  
DO 8 J = l  ,N1 
DO 3 J1=1,2 
I 8 











000 3 800 
0003900 
0004000 








































0008 1 00 
DO 3 J2=1,4 
DS=LBC(Z> 
EI=EIBC(2> 
DS=L( J) /2 
IF(J.GT.1) S(J>=S(J-l)+(L(J-l>+L(J))/2 
DEL=DO(J>**2-DI(J>**2 













DO 5 J1=1,2 
DO 5 52-1.2 
B(Jl,J2>=0 
B(J1 ,J2+2>=0 
DO 5 J3=1,2 
B(Jl,J2)=B(Jl,J2)tAP(Jl,J3>*AN(J3,J2) 
3 AN(Jl,JZ>=AP(Jl,J2) 
IF(J.GT.N) GO TO 4 




B( 2.4) =B( 1 ,3> /DELT 
B( 1,3>=DUM 
B(2,3>=-B(2,3>/DELT 
B(l ,4)=-B(1 ,4>/DELT 
IF(J.LT.2) GO TO 7 
DO 6 J1=1,2 
DO 6 J2=1,2 
K(J1 ,J2,J-1 ,3>=0 
DO 6 J3=1,2 
K(Jl,J2,J-1,3)=K(Jl,J2,J-l,3>+P(Jl,J3)*B(J3,J2+2) 
DO 6 J4=1,2 
K(Jl,J2,J-1,2>=K(Jl,J2,J-l,2)-P(Jl,J3)*B(J3,J4+2)*B(J4,JZ) 
DO 8 J1=1,2 
DO 8 J2=1,2 
K(J1 ,J2,J,1>=0 
K(J1 ,J2,J,2>=0 
DO 8 J3=1,2 
DO 8 J4=1,2 
K(Jl,J2,J,2)=K(Jl,J2,J,2)-P(Jl,J3)*B(J3,J4)*B(J4,J2+2) 
DO 8 J5=1,2 
7 IF(J.GT.N) GO TO 9 





0 0 0 8 3 0 0  
0008400 
0008 500 
0 0 0 8 6 0 0  
0008700 
0008800 
0 0 0 8 9 0 0  
0009000 
0 0 0 9  100 
0 0 0 9 2 0 0  
0 0 0 9 3 0 0  
0 0 0 9 4 0 0  
0009500 
0 0 0 9 6 0 0  
0 0 0 9 7 0 0  
0 0 0 9 8 0 0  
0009900 
00 1 0000 
0 0 1  0 1  00 
0 0 1  0 2 0 0  
0 0 1  0 3 0 0  
00 1 0400 
0 0 1  0500 
001 0600 
0 0 1  0 7 0 0  
00 1 0800 
001 0 9 0 0  
0 0 1  1 0 0 0  
0 0 1  1 1 0 0  
0 0 1  1 2 0 0  
0 0 1  1 3 0 0  
0 0 1  1 4 0 0  
0 0 1  1 500 
0 0 1  1 6 0 0  
0 0 1  1 7 0 0  
0 0 1  1 8 0 0  
0 0 1  1 9 0 0  
0 0 1  2000 
0 0 1 2 1 0 0  
0 0 1  2 2 0 0  
0 0 1  2 3 0 0  
0 0 1  2 4 0 0  
0 0 1  2 5 0 0  
0 0 1  2 6 0 0  
001 2 7 0 0  
0 0 1  2 8 0 0  
0 0 1  2 9 0 0  
0 0 1  3 0 0 0  
0 0 1 3 1 0 0  
001 3 2 0 0  
0 0 1  3 3 0 0  
00 1 3 4 0 0  
0 0 1  3 5 0 0  
0 0 1  3 6 0 0  
001 3 7 0 0  
STOP 
END 
COMPLEX*16 U ( 2 , 2 4 )  
L O G I C A L  N E W R A P , F I N I S H  
C A L L  Z I C ( U , N >  
I F ( . N O T . N E W R A P ( U , E , N ) >  STOP 
C A L L  O U T P U T ( F I N 1 S H )  
4 C A L L  ORDER(U) 
1 C A L L  S T E P ( 1 . 1  
I F ( . N O T . N E W R A P ( U , E , N ) )  GO TO 2 
I F ( E . L T . 1 . E - 0 4 )  GO TO 3 
2 C A L L  S T E P ( - l  . >  
C A L L  D E L T (  .l ) 
GO TO 1 
I F ( E . L T . 1 . E - 0 6 )  C A L L  D E L T ( 2 . )  
I F ( E . G T . 1 . E - 0 5 )  C A L L  D E L T ( . 5 >  
C A L L  O U T P U T ( F I N 1 S H )  
I F ( F I N I S H >  STOP 
GO TO 4 
END 
SUBROUTINE U T I L ( U , R , F , A )  
COMPLEX* 1 6  R ( 2 , 3 , 3 )  , U ( 2 , 2 4 ) ,  Z ( 2 , 2 4 , 4 )  
C O M P L E X * l 6  A(2,2,2,24,3),C(2,24>,F(2),R0(2,3),REF(3) 




REAL A N G I C ( 2 > , ( 3 ) , A L P ( 4 , 4 >  
R E A L * 8  A N G ( 3 > , k ( 2 , 2 , 2 4 , 3 > , T , D T , T E M P , H  
DATA A L P / 6 * 0 . , 5 , 0 . , 2 . , 3 . , 1 . , 0 . , 6 . , 1 1 . , 6 . , 1 . /  
L O G I C A L  F I N I S H , L O C  
COMMON/JAC/LOC(24)  
NAMELIST /START/TMAX,AMP,OMEGA 
N A M E L I S T / F I N / R M A X , T  
NAME L I  S T  / I C  / T I C , R I C , RCG , A N G I  C , RO I C , RBC , LOC 
N A M E L I S T / S H A F T / N U M  ,M, I T ,  I P  , K,  L , S , SMAX 
ENTRY Z I C ( U , N >  
R E A D ( 5 , I C )  
WRITE(  6, I C >  
READ(5,START)  
W R I T E ( 6 , S T A R T )  
READ(4,SHAFT)  
W R I T E ( 6 , S H A F T )  
W R I T E ( 7 )  NUM,SMAX,(S(Jl),Jl=l,NUM),(RCG(Jl,l),Jl=l,NUM) 
RMAX=O 
T = T I C  
N=NUM 
Q= 2 
H=l . /OMEGA 
DO 3 J 2 = 1  ,N 
DO 3 J 1 = 1 , 2  
TEMP=l /AMP 
I F ( J l . E Q . 2 )  T E M P = T E M P * L ( J 2 )  
DO 2 J 3 = 1 , 2  
Z(Jl,J2,J3>=RIC(J2,Jl,J3)*TEMP 
10 
00 1 3800 
001 3900 
























00 1 6400 
001 6500 
00 1 6600 
001 6700 
001 6800 










00 1 7 900 
00 1 8000 
001 81 00 
001 8200 
001 8300 
00 1 8400 
001 8500 
00 1 8600 
001 8700 
00 1 8800 
001 8900 
00 1 9000 
001 91 00 
001 9200 
2 TEMP=H*TEMP/J3 
3 Z(J1 ,J2,3)=0 
RETURN 
ENTRY ORDER(U1 
I F ( Q . G T . 3 )  RETUEN 
Q=Q+ 1 
DO 4 J2=1,N 
DO 4 J1=1,2 
4 Z(Jl,JZ,Q)=U(Jl,J2)/(Q-l) 
RETURN 
ENTRY STEP ( B E T )  
T=T+BET*H 
Q1 =Q- 1 
DO 5 J3=1,Q1 
TEMP= 1 
J4=J3+1 
DO 5 J5=J4,Q 
TEMP=(JS-l)*BET*TEMP/(J5-53) 
DO 5 J1=1,2 
DO 5 J2=1 , N  
5 Z(Jl,J2,J3)=Z(Jl,J2,J3~+TEMP*Z(Jl,J2,J5) 
RETURN 
ENTRY D E L T ( B E T 1  
H=BET*H 
TEMP= 1 
DO 6 J3=2,Q 
TEMP=TEMP*BET 
DO 6 J1=1,2 
DO 6 J2=1,N 
6 Z(Jl,J2,J3)=TEMP*Z(Jl,J2,53) 
RETURN 
ENTRY I N C R ( U )  
DO 7 J1=1,2 
DO 7 J2=1,N 





REF0(2>=REF(2 )  
WRITE(7>TO,(REFO(J3),(RIC(J2,1,J3),J2=l,N),J3=1,2> 
F I N I S H = . F A L S E .  
I F ( T . L T . T M A X > R E T U R N  
F I N I S H = . T R U E .  
T I C = T  
DO 8 J3=1,3 
ANGIC(J3>=ANG(J3) 
DO 8 J1=1,2 
7 Z(Jl,J2,J3)=Z(Jl,J2,J3~+ALP(J3,9>*U(Jl,J2) 
8 ROIC(Jl,J3>=RO(Jl,J3> 




D T = T - T I C  
1 1  
00 1 9300 
00 1 9400 
00 1 9500 
001 9600 
00 1 9700 
001 9800 
















002 1 500 
002 1 600 
002 1700 
002 1800 








002 2 700 
0022800 














R E F ( 3 > = ( ( 0 . , 1 . ) * A N G ( 3 ) - A N G ( 2 ) * * 2 ) * R E F ( l )  
DO 10 J2=1,N 
C( 1 ,J2)=2*AMP*ALP(3,Q)*M(J2)/H**2 
C(2,J2>=(AMP*(2*ALP(3,Q)*IT(J2)/H**Z-(O.,l.)*IP(J2)* 
DO 10 J1=1,2 
U(J1 ,J2)=0 




ENTRY RADIUS (R,U,JJl,JJ2,J) 
TEMP=AMP 
IF(JJl.EQ.2) TEMP=TEMP/L(J) 
DO 1 1  J3=1,3 
R(JJl,JJ2,J3>=(Z(JJl,J,J3)+ALP(J3,Q)*U(JJl,J~)*TEMP 
1 1  TEMP=J3*TEMP/H 
RIC(J,JJl,l)=R(JJl,JJZ,l) 
RIC(J,JJl ,2)=R(JJl ,552.2) 




13 DO 14 J3=1,3 





1 -K(1,1 ,J, 1 >*R(1 , 1 , 1  )-K(1 ,1  ,J ,2>*R(1 ,2,1 >-K(1 ,1 ,J,3)*R(I ,3,1) 
2 - K ~ 1 , 2 , J , 1 ~ * R ~ 2 , 1 , 1 ~ - K ~ 1 , 2 , J , 2 ~ * R ~ 2 , 2 , 1 ~ - K ~ 1 , 2 , J , 3 ~ * R ~ 2 ~ 3 , 1 ~  
F(2)=((-R(2,2,3)-RCG(J,2)*REF(3)-R0(2,3))*IT(J) - 
1 +(O. , l .  )*IP(J)*(ANG(2>*(R(2,2,2)+RCG(J,2)*REF(2)+RO(2,2)) - 
2 +ANG(3>*(R(2,2,l)+RCG(J,2)*REF(l)+R0(2,1))) 
















DO 15 J1=1,2 
DO 15 J2=1,2 
DO 15 J3=1 ,2 
DO 15 J4=1 ,N 
DO 15 J5=1,3 
DO 16 J4=1 ,N 
DO 16 J1=1,2 
A(J1 ,1  ,J1 ,J4,2)=-C(Jl ,J4) 
15 A(Jl,J2,J3,J4,J5)=0 
12 
I -  














0026 1 00 
0026200 












002 7 600 
002 7 700 
002 7 800 


























DO 16 J3=1,2 
DO 16 J5=1,3 
JJ=J4tJ5-2 









LOGICAL RUNCTION NEWRAP(U,E,N> 
COMPLEX*16 A ( 2 , 2 , 2 , 2 4 , 3 > , F ( 2 , 2 4 > , D U ( 2 , 2 4 ) , U ( 2 , 2 4 >  
CALL ANGLE 























IF(FLAG) CALL ROTOR(A> 
CALL BC(R,1,1> 
DO 1 J1=1,2 
DO 9 14=1,N 
1 CALL RADIUS(R,U,J1,2,1> 
IF(J4,LT.N) GO TO 2 
CALL BC(R,2,3) 
GO TO 4 
2 J5=J4+1 
DO 3 J1=1,2 
3 CALL RADIUS (R,U,J1,3,J5> 
4 CALL DEQ(F(l,J4),R,J4) 















003 1 200 
003 1 300 
003 1 400 
003 1 500 
003 1 600 
003 1 700 
003 1 800 
























00 34 300 
0034400 













IF(.NOT.FLAG) GO TO 10 
DO 8 J5=1 ,3 
J=J4+J 5-2 
IF(J.LT.1.OR.J.GT.N) GO TO 8 
DO 7 J3=1 ,2 
ABSDU=l.E-08 
DU=ABSDU 




DO 5 J1=1 ,2 
U(J3,J)=U(J3,J>-DU 
5 A(Jl,J2,J3,J4,J5)=A(Jl,J2,J3,J4,J5)+(Fl(Jl~-FO~Jl~~/ABSDU 




10 DO 9 J1=1,2 
DO 9 J2=1,2 





REAL*8 A ( 4 , 4 , 2 4 , 3 > , F ( 4 , 2 4 ) , D U ( 4 , 2 4 )  
REAL*8 B(4,4,24,3) ,C(4,24> ,BP ,BR 
DO 1 IB=l,N 
DO 1 1=1 ,4 
C(I,IB>=F(I,IB) 
DO 1 JB=l ,3 
DO 1 J=1,4 
DO 1 1  IB=l ,N 
DO 1 1  IP=1,4 
BP=B(IP,IP,IB,2) 
DO 2 J=IP,4 
B(IP,J,IB,2>=B(IP,J,IB,2>/BP 
DO 3 J=l ,4 
3 B(IP,J,IB,3>=B(IP,J,IB,3>/BP 
C(IP,IB)=C(IP,IB>/BP 
IF(IP.EQ.4) GO TO 7 
I1 =IP+1 
DO 6 I=I1,4 
BR=B(I,IP,IB,2> 
DO 4 J=IP,4 
B(I,J,IB,2>=B(I,J,IB,2>-BR*B(IP,J,IB,2> 




7 IF(1B.EQ.N) GO TO 1 1  
DO 10 I=1,4 
BR=B(I,IP,IB+l ,1) 
DO 8 J=IP,4 
8 B(I,J,IB+1,1)=B(I,J,IB+l,l)-BR*B(IP,J,IB,2~ 
0 0 3 5 7 0 0  
0 0 3 5 8 0 0  
00 3 5900 
0 0 3 6 0 0 0  
0 0 3 6  100 
0 0 3 6 2 0 0  
0 0 3 6 3 0 0  
0 0 3 6 4 0 0  
0 0 3 6 5 0 0  
00 3 6 600 
0 0 3 6 7 0 0  
00 3 6800 
0 0 3 6  900 
0 0 3 7 0 0 0  
0 0 3 7  100 
0 0 3 7 2 0 0  
0 0 3 7 3 0 0  
0 0 3 7  400 
0 0 3 7 5 0 0  
0 0 3 7 6 0 0  




DO 1 5  I B I = l  , N  
I B = N + l - I B I  
DO 1 5  I I = 1 , 4  
I = 5 - 1 1  
D U ( I , I B ) = - C ( I , I B )  
J l = I + l  
DO 1 2  J = J 1 , 4  
I F ( I . E Q . 4 )  GO TO 1 3  
1 2  DU(I,IB)=DU(I,IB>-B(I,J,IB,2)*DU(J,IB) 
1 3  I F ( 1 B . E Q . N )  GO TO 1 5  
DO 1 4  J = 1 , 4  
1 4  DU(I,IB)=DU(I,IB)-B(I,J,IB,3>*DU(J,IB+l) 
1 5  CONTINUE 
RETURN 
END 
SUBROUTINE E X T E R ( F , R , J )  
0 0 3 7 7 0 0  C F ( 2 > = T O R Q U E ( J ) / L ( J )  
0 0 3 7 8 0 0  COMPLEX*16 F ( 2 )  , R ( 2 , 3 , 3 >  
0 0 3 7 9 0 0  R E A L * 8  DEL 
0 0 3 8 0 0 0  F (  1 >=O 
0 0 3 8 1  00 F ( 2 > = 0  
00 3 8 2 0 0  I F ( J . E Q . 5 . O R . J . E Q . 1 9 )  GO TO 1 
0 0 3 8 3 0 0  GO TO 2 
0 0 3 8 4 0 0  1 C A L L  JOURNL~F~1~,R~1,2,1>,R~1,2,2~,0.,005.,00263.,TRUE.~ 
0 0 3 8 5 0 0  
00 3 8 600 
0 0 3 8 7 0 0  
0038800 
00 3 8  900 
0 0 3 9 0 0 0  
0 0 3 9 1 0 0  
0 0 3 9 2 0 0  
0039 3 0 0  
0039400 
0039500 
00 3 9 600 




0 0 4 0 1  00 
0 0 4 0 2 0 0  
0 0 4 0 3 0 0  
0040400 
0 0 4 0 5 0 0  
0040600 
0 0 4 0 7 0 0  
0040800 
0040900 
004 1 0 0 0  
0 0 4 1  1 0 0  
F ( 1 ) = F ( 1 ~ - 5 0 0 0 . * R ( 1 , 2 , 1 >  
RETURN 
RETURN 
I F ( D E L . L E . . 0 0 2 )  RETURN 
2 IF(J.EQ.3.OR.J.EQ.12.OR.J.EQ.21) GO TO 3 
3 D E L = C D A B S ( R ( 1 , 2 , 1 ) )  





COMPLEX*16 F , R , R D O T , E P S , V , N , ( 2 > , A ( 2 ) , B ( 2 ) , C (  
R E A L * 8  X ( 2 )  
R E A L * 4  OMEGA,CR,FO 
L O G I C A L  CAV 
EQUIVALENCE (EPS,X)  
DATA P I / 3 . 1 4 1  5 9 2  6 5 4 /  




I F ( H . G T . 1 . D - 1 2 )  GO TO 3 
I F ( . N O T . C A C >  F = P I * F O * V  
I F ( C A V >  F=-FO*V*(PI/2+2*(EPS+X(l))) 
V = R D O T / C R - ( O . , l . ) * O M E G A * E P S  
I F ( C D A B S ( V > . E Q . O )  RETURN 
H-EPS*DCONJG(EPS) 
N( > ,NS 
1 5  
0 0 4 1  2 0 0  
004 1 3 0 0  
004 1 4 0 0  
004 1 5 0 0  
004 1 6 0 0  
0 0 4 1  7 0 0  
004 1 800 
004 1 9 0 0  
0 0 4 2 0 0 0  
0 0 4 2  100 
0 0 4 2 2 0 0  
0 0 4 2 3 0 0  
0042400 
0 0 4 2 5 0 0  
0 0 4 2 6 0 0  
0 0 4 2 7 0 0  
0 0 4 2 8 0 0  
0 0 4 2 9 0 0  
0 0 4 3 0 0 0  
0 0 4 3  100 
0 0 4 3 2 0 0  
0 0 4 3 3 0 0  
0 0 4 3 4 0 0  
0 0 4 3 5 0 0  
004 3 600 
0 0 4 3 7 0 0  
0 0 4 3 8 0 0  
0 0 4 3 9 0 0  
0044000 
0 0 4 4 1  00 
0 0 4 4 2 0 0  
0 0 4 4 3 0 0  
0044400 
0 0 4 4 5 0 0  
0044600 
0044 7 0 0  
0044800 
0 0 4 4 9 0 0  
0 0 4 5 0 0 0  
0 0 4 5  1 0 0  
004 5 3 0 0  
004 5 500 
0 0 4 5 6 0 0  
0 0 4 5 7 0 0  
0 0 4 5 8 0 0  
0 0 4 5 9 0 0  
0046000 
0046 1 00 
004 6 2 00 
0 0 4 6 3 0 0  
0046400 
0 0 4 6 5 0 0  
0 0 4 6 6 0 0  
I 0 0 4 5 2 0 0  
I 0 0 4 5 4 0 0  
RETURN 
3 D=DSQRT( l -H)  
N ( l > = E P S * ( l - D > / H  
N ( 2 ) = E P S 1 ( 1 + D ) / H  
F = 8 * F O * V / D C O N J G ( E P S > * * 3  
D N ( l ) = N ( l > - N ( 2 )  
D N ( 2 ) = D N ( l )  
DO 2 1=1  , 2  




F = P I * C ( l ) * F  
A (  I > = N (  I ) * A (  I > / ( N S Q + 1 ) * * 2  
F=(-A(l)-A(2)+B(l)+B(2)-C(l)*DATAN2(-D,X(l)))*F 
I F ( C A V )  GO TO 1 
RETURN 
1 
2 B ( I ) = B ( I ) / ( N S Q + l )  
RETURN 
END 
REAL V A R S ( 7 ) , D V A R ( 7 ) , C L ( l O ) , D C L ( l O ) , L A B L E ( 8 )  
REAL X ( 2 4 ) , Y ( 2 4 ) , S ( 2 4 ) , X C G ( 2 4 ) , Y C G ( 2 4 ) , T ( 2 )  
INTEGER I V A R ( 3 )  
L O G I C A L  CG 
COMPLEX R ( 2 , 2 , 2 4 ) , R E F ( 2 , 2 ) , F O , R O , R E F O , R C G ( 2 4 )  
NAMELI  S T /  FRAM/ H , RMAX , T M I  N , TMAX , NUM , CG , LABLE 
DATA DVAR/7.,2.5,0.,0.,1.,1.,2./ 
DATA D C L / - 1 .  , - . 6 , - . 5 5 , - . 4 5 , - . 4 ,  . 4 ,  . 4 5 ,  . 5 5 ,  . 6 , 1  . /  
READ(5,FRAM) 
R E A D ( 7 )  N,SMAX,(S(J),J=l,N),(RCG(J),J=l,N) 
R E A D ( 7 )  T ( 1 ) ,  REF(J3,1),(R(J3,1,J~,J=1,N),J3=l12) 
R E A D ( 7 )  T(2~,(REF(J3,2),(R(J3,2,J),J=llN),J3=l12) 
C A L L  G M O V I E ( 2 0 0 )  
C A L L  T I T L E ( l 1 3 2 , 2 9 , L A B L E )  
DO 1 I = 1 , 7  
VARS(S)=RMAX 
DO 2 1=1  , l o  
I V A R (  1 ) = 3  
DO 4 J = l , N  
4 S(J)=RMAX*(2*S(J)/SMAX-l) 
TO=TMIN 
3 V A R S ( 3 ) = 0  
1 V A R S ( I > = D V A R ( I )  
2 C L ( I > = D C L ( I > * R M A X  
C A L L  I N T E N S ( 4 0 )  
C A L L  X A X I S ( 5 . , 5 . , V A R S )  
C A L L  Y A X I S ( 5 . , 5 . , V A R S )  
V A R S ( 3 ) = 9 0  
I VAR ( 2 ) =2 
I VAR( 3 ) =O 
DO 5 I = 1 , 5  
5 C A L L  GPLOT(CL(2*I-1~,CL(2*I-l~lIVAR~ 
C A L L  I N T E N S ( 2 0 )  
DO 10 I T T E R = l , N U M  
6 I F ( T O . L E . T ( 2 ) )  GO TO 8 
I 1 6  









































T ( l  ) = T ( 2 )  
DO 7 J3=1 ,2 
REF(J3,1)=REF(J3,2) 
DO 7 J= l ,N 
7 R(J3, l  ,J)=R(J3,2,J) 
R E A D ( 7 , E N D = l l , E R R = l l )  T(2),(REF(J3,2>,(R(J3,2,J),J=l,N),J3=1,2) 
GO TO 6 
8 R E F O = F O ( R E F , T , T O )  






I VAR(  2 ) =N 
I V A R (  3 )  =O 
I V A R ( 3 > = 1  
9 YCG(J>=AIMAG(RO) 
CALL G P L O T ( X , Y , I V A R )  
I F ( C G >  CALL GPLOT(XCG,YCG,IVAR> 
CALL DISPLA(1) 
CALL GMOVIE(NUM1 
I F ( T O . L T . T M A X 1  GO TO 3 
STOP 
END 
COMPLEX FUNCTION FO(F ,X ,XO> 
COMPLEX F ( 2 , 2 ) , A  
REAL X ( Z > , H ( Z ) , D ( Z )  
FO=O 
D ( l ) = X ( l ) - X ( Z )  
H(l)=((XO-X(2)>/D(l>>**Z 
D ( Z > = X ( Z ) - X ( l >  
H ( 2 ) = ( ( X O - X ( 1 > > / D ( 2 > > * * 2  
DO 1 J= l  ,2 
A=F(2,J>-z*F( l ,J>/D(J> 
10 TO=TO+H 





APPENDIX  B :  THE DATA-FLOW STATEMENT 
________________-___-----------_--- 
PROGRAM SHAFT 
CONSTANTS( REAL)  
P I = 3 . 1 4 1 5 9 3 ;  
G = 3 8 6 . 4 ;  
ALP(4,4)=[6@0.,.5,0.,2.,3.,1.,0.,6.,11.,6.,l.I; 
K 4 1 6 0 = 8 . 0 * . 0 0 2 6 3 /  .005;  
K411AO=-.00263*PI/(2*.005)~ 
K 4 1 1 B 0 = - . 0 0 2 6 3 * 2 / . 0 0 5 ~  
VARIABLES(BO0LEAN)  




N ( 2 4 ) ;  {NUMBER OF SEGMENTS} 
Q ( 2 .  . 4 ) ;  {ORDER OF I N T E G R A T I O N }  
L ( 2 4 ) ;  {LENGTH OF ELEMENT} 
D 0 ( 2 4 > ; { 0 U T S I D E  D IAMETER OF ELEMENT} 
D I ( 2 4 )  ; { I N S I D E  D IAMETER OF ELEMENT} 
S ( 2 4 ) ;  { A X I A L  D I S T A N C E  OF ELEMENT 'S  CENTER} 
M ( 2 4 ) ;  {MASS OF ELEMENT} 
I T ( 2 4 ) ;  { E L E M E N T ' S  TRANSVERSE MOMENT OF I N E R T I A }  
I P ( 2 4 ) ;  { E L E M E N T ' S  POLAR MOMENT OF I N E R T I A }  
E ( 2 4 ) ;  {YOUNG'S  MODULUS OF ELEMENT} 
R H O ( 2 4 ) ;  { D E N S I T Y  OF ELEMENT} 
SMAX; {LENGTH OF SHAFT}  
D B C ( 2 ) ;  {DIP:IETER OF BOUNDRY ELEMENTS} 
L B C ( 2 ) ;  {LENGTH OF BOUNDRY ELEMENTS} 
EBC( 2 )  ; {YOUNG'S MODULUS OF BOUNDRY ELEMENTS} 
K ( 2 , 2 , 2 4 , 3 > ;  { S T I F F N E S S  M A T R I X }  
A N G I C ( 3 ) ;  { I N I T I A L  SHAFT ANGLE PROPERTIES}  
DELTA ANGLE( 3)  ; { T I M E - V A R I A N T  SHAFT ANGLE DISPLACEMENT}  
T I C ;  T I N I T I A L  T I M E }  
AMP ; 
OMEGA; {FREQUENCY} 
T ;  {ACCUMULATED T I M E }  
TMAX; {MAXIMUM OF ACCUMULATED T I M E }  
RMAX ; 
H;  {NON-DIMENSIONAL T I M E  STEP}  
A L P 2 ;  {RESET PARAMETER} 
P 2 0 4 ,  P 2 0 5 ,  P 2 0 6 ,  P 2  1 5 ; { NEWRAP PARAMETERS} 
ERR; 
KL(2,2,2,24,3),KLI(2,2,2,24,3); {ROTOR PARAMETERS} 
U ( 2 , 2 4 > ;  {NON-DIMENSIONAL Q+1 D E R I V A T I V E S }  
R ( 2 , 3 , 3 >  ; 
REF(?,); 
R 0 ( 2 , 3 >  ; 
REFO( 2 )  ; 
R I C ( 2 4 , 2 , 2 > ;  
R C G ( 2 4 , Z ) ;  
R O I C ( 2 , 3 ) ;  
VARIABLES(1NTEGER)  
V A R I A B L E S ( R E A L 1  
VARIBLES(C0MPLEX)  
2 ( 2 , 2 4 , 4 ) ;  {NON-DIMENSIONAL <=Q D E R I V A T I V E S }  
1 8  
NAME L I S T S  
G E ~ M E  T R Y  : N , L , DO, DI , E ,  RHO, M , I T , I P , DBC , EBC , LBC ; 
S H A F T : A L P 2 , N , M , I T , I P , K , L , S , S M A X ;  
I C  : R I C , RCG , R O I C  , A N G I  C , T I C  , RBC , LOC ; 
START:TMAX,AMP,OMEGA; 
PARAMS : T ,  H ,Q ,  RMAX , K L ,  K L I  , Z , P 2 0 4 ,  P 2 0 5 ,  P 2 0 6 ,  P2 1 5 ;  
F0RCEFUN:DELTA ANGLE; 
SOLUTION:CONVERGED,U,  ERR, R I C ;  
RESULTS:N,SMAX,S,T,REFO,RIC,RMAX,RCG; 
1 9  
B E G I N  (SHAFT}  
1 R E A D [ G E O M E T R Y \ S H A F T - D A T A - F I L E l l ;  
2 DO I N  PARALLEL 
BEGIN- 
DELTA ANGLE=KO; 
I N 1  T I x L I Z E l S H A F T \ G E O M E T R Y  1 ; 
R E A D l S T A R T \ T E R M I N A L l ;  




5 I F  CONVERGED THEN 
B E G I N  { 5 ( T > }  




2 WHILE NOT STOP DO 
B E G I N  
1 DO I N  P A R A L L E L  
BEGIN- 
READ[STOP\TERMI  NAL 1 ; 
READ[FORCEFUN\FORCING FUNCTION I N P U T  D E V I C E ] ;  
{ *  THESE RESULTS ARE P I P E L I N E D .  THE ACTUAL D I S P L A Y  * }  
{ *  TAKES PLACE A T  T=T-2 .  * I  
CALCULATE[RESULTS\CURRENT,FORCEFUN,PARAMS,SHAFTl; 
DOMOVIE lCURRENT\RESULTS l  
END { 5 ( T > . 2 . 1 }  
END { S ( T > . 2 }  
END { 5 ( T > }  





K 2 = 2  ; 
K P 5 = 1 / 2 ;  
K P 2 5 = 1 / 4 ;  
K P 1 6 7 = 1 / 6 ;  
K P I 0 6 4 = P I / 6 4 ;  
K P I 0 4 G = P I  / 4 * G ;  
K P I 0 3 2 G = P I / 3 2 * G ;  
K P I 0 6 4 G = P I / 6 4 * G ;  
K P I 0 4 8 G = P I / 4 8 * G  
V A R I A B L E S ( R E A L 1 ;  
D 0 2 ( 2 4 > ;  D 0 4 ( 2 4 ;  D I 2 ( 2 4 > ;  D I 4 ( 2 4 > ;  L 2 ( 2 4 > ;  L R ( 2 4 ) ;  K E ( 2 4 ) ;  
K L R 4 ( 2 4 ) ;  K L R 3 2 ( 2 4 > ;  K L R 6 4 ( 2 4 ) ;  T 1 3 ( 2 4 ) ;  T 1 4 A ( 2 4 ) ;  T 1 4 B ( 2 4 ) ;  T 2 4 ( 2 4 ) ;  
T D E L T ( 2 4 ) ;  D E L T ( 2 4 ) ;  A P ( 2 , 4 , 0 . . 2 5 ) ;  B ( 2 , 4 , 2 4 ) ;  D B C 2 ( 2 ) ;  D B C 4 ( 2 > ;  K E B ( 2 )  
B E G I N  { I N I T I A L I Z E }  
1 DO-I  N-PARALLEL 
FOR A L L  J : = l . . N  AND I : = 1 . . 2  
BEGTN { V 1 [ 2 0 6 1  :R=B*C}  
A L P Z = K Z * A L P ( 3 , 3 ) ;  {USED I N  RESET} 
S (  1 ) = L (  1 ) * K P 5 ;  
D B C Z ( I ) = D B C ( I ) * D B C ( I ) ;  
D O Z ( J > = D O ( J ) * D O ( J ) ;  
D I 2 (  J > = D I  ( J ) * D I (  J 1 ; 
L Z ( J ) = L ( J ) * L ( J ) ;  
L R ( J > = L ( J > * R H O ( J > ;  
K E B ( I ) = E B C ( I > * K P I 0 6 4 ;  
K E ( J ) = E ( J > * K P I 0 6 4 ;  
A P ( 1  , 2 , 0 ) = L B C ( l ) * K P 5 ;  
AP(  1 , 2 ,  J ) = L ( J > * K P 5 ;  
A P ( l , 2 , N + l ) = L B C ( 2 ) * K P 5 ;  
A P ( 1 , 3 , 0 > = L B C ( l > * K P 2 5 ;  
A P ( 1 , 3 , J > = L ( J ) * K P 2 5 ;  
A P ( 1 , 3 , N + l ) = L B C ( 2 ) * K P Z S ;  
A P ( 1 , 4 , 0 ) = L B C ( l ) * K P 1 6 7 ;  
A P ( 1 , 4 , J > = L ( J ) * K P 1 6 7 ;  
A P ( 1 , 4 , N + l ) = L B C ( 2 ) * K P 1 6 7 ;  
DBC2(I)=DBC(I>*DBC(I) 
END; 
2 1  
2 DO I N  P A R A L L E L  
BEGIN- 








KLR32( J>=LR( J)*KPI032G; 
KLR64( J )=LR( J )  *KPI064G 
BEGiN {V2A[ 1481 : R=B*C} 
END; 
END; (2) 
FOR ALL J:=l..N { V Z B [ 2 4 1 : R = B + C * D * E * ( F - G ) }  
IT( J >=IT( J >+12( J 1 *LR( J )  *KPI048G*(D02( J )-DI2( J )  ) 
22 
INITIALIZE (CONTINUED) 
3 DO IN PARALLEL 
BEGIN- 
FOR ALL J:=2..N {V3AC23l:R=B+C+D} 
FOR ALL J:=1. .N 
STJ ) = S (  J-1 )+AP( 1 ,2, J ) +AP( 1 ,2, J-1) ; 





B EGiN { V3C [ 9 6 1 : R= B / ( C * ( D- E 







B E G I N  {V3D[81:R=B/(C*D>} 
AP(2,3 ,O)=AP( 1 ,2,0) / (KEB( 1 ) *DBC4( 1 1 ) ; 
AP(2,3,N+l)=AP(l,2,N+l)/(KEB(2)*DBC4(2)); 








4 DO IN PARALLEL 
BECI N- 
FOR ALL J:=l..N+l 

















5 DO IN-PARALLEL 
BEGIN 
FOR ALL J:=l..N+l 




FOR ALL J:=l..N {V5B[24l:R=B+C+D} 
BT1 ,4, J>=B( 1,4, J>+T14A( J>+T14B( J 
END; ( 5 )  
BEGiN {V6[481: R=B*C} 
END; (6) 
6 DO-IN-PARALLEL 




FOR ALL J:=l..N+l {V7[24l:R=B-C} 
D~LT(J)=DELT(J)-TDELT(J); 
8 DO-IN-PARALLEL 
FOR ALL J:=l..N+l 
BEGrN {V8[961: R=B/C} 




END; (8)  
9 DO IN PARALLEL 
BECI N- 
FOR ALL J:=2 TO N+l 
BEGiN {V9A[ 1201 :A=B} 
K(l ,l,J-1 ,1)=8(2,3,5-1>; 
K(2,l ,J-1 ,3)=B(1 ,3,J-1>; 
K(2,2,J-1,3>=B(1,4,J-l); 
K(l ,1  ,J-1 ,3>=8(2,3,J>; 
K(l ,2,J-1 ,3>=8(2,4,J> 
END; 
FOR ALL J:=2 TO N+l 
FOR ALL J:=2 TO N+l {09C[24l:A=B+C*D} 
FOR ALL J :=2 TO N+l 
{V9B[24l:A=-B-C*D} 
KT1,2,5-1,1)=-8(2,4,5-1 >-B(l ,2,J-1 >*B(2,3, J-1); 
KT2,l ,J-1 , l  >=E(  1,3, J-1 )+E( 1,2, J-1 >*B(2,3, J-1) ; 
KT2,2,J-1 ,l)=B(l ,4,J-1>+8(1 ,2,J-1>+ 
{V9D[24] :A=B+C+D*(E+F+G)} 
B(l,2,J-l>*(B(1,3,J-l)+B(2,3,J-l)+B(2,4,J-l))~ 
FOR ALL J:=2 TO N+l 
FOR ALL J:=2 TO N+l 
FOR-ALL J:=2 TO N+l {V9G[24l:A=-B-C} 
K(2,l ,J-1 ,2)=-B(1 ,3,J-1 >-B(l ,3,J>; 
FOR ALL J:=2 TO N+l {V9H[241:A=-B-C+D*E} 
SMAX=S(N)+L(N)*KP5 
{V9E[24l:A=B+C} 
KT1.1 ,J-1 ,2)=8(2,3,J-1 >+B(2,3,J>; 
{V9F[241:A=B+C+D*E} 
KT1,2, J-1 ,2=B(2,4, J-1 >+B(2,4, J >+B(2,3, J )*B( 1 ,2, J) ; 




PROCEDURE R E S E T [ P A R A M S \ S H A F T , S T A R T , I C I ;  
CONSTANTS(IMAG1NARY) 
CONSTANTS(REAL1 
B E G I N  (RESET}  
1 DO IN-PARALLEL 
KKO=O 
K 2 = 2 ;  KO=O; 
BEGIN 
Q=K2; 
FOR A L L  1 2 = 1 . . 2  AND 1 3 : = 1 . . 3  
BEGTN { V l A [ 2 7 1 : R = B }  
T = T I C ;  
RMAX=KO; 
K L ( I 2 , 2 , 1  ,1  ,13 )=KO;  
K L ( I 2 , 2 , N , 3 , 1 3 > = K O ;  
K L I ( I 2 , 2 , 1  ,1  , I 3 > = K O ;  
K L I ( I 2 , 2 , N , 3 , 1 3 > = K O ;  
END; 
BEGTN { V l A [ 4 8 1 : A = B }  
FOR A L L  J : = l . . N  
Z ( l  , J ,3>=KKO;  
Z ( 2 , J , 3 > = K K O  
END; 
BEGTN { V l C [ 7 6 1 : R = B * C }  
FOR A L L  J : = l . . N - l  
AMP2=AMP*K2; 
AMAL(2>=AMP*ALP(  1 , 2 >  ; 
A M A L ( 3 > = A M P * A L P ( 1 , 3 > ;  
AMAL(4>=AMP*ALP(1  , 4 > ;  
LL(  J>=L(  J > * L (  J + 1 >  ; 
LL(N>=KO*KO;  
I T A (  J > = I T (  J > * A L P  ( 3 , 3 )  ; 
I T A ( N > = I T ( N > * A L P ( 3 , 3 > ;  
I P A (  J > = I P (  J) * A L P (  2 , 3 >  ; 
I P A ( N > = I P ( N ) * A L P ( 2 , 3 >  ; 
A2A=AMP*ALP2 
END 
END; ( 1 )  
2 DO I N  PARALLEL 
BECI N- 
FOR A L L  J : = l . . N  
H=Kl /OMEGA;  
P 2 1 5 ( J > = A M P / L ( J > ;  {USED I N  NEWRAP R P l }  
A O L ( J > = A M A L ( Q > / L ( J > ;  
A O L 2 ( J > = A M A L ( Q > / L 2 ( J > ;  
A O L L ( J > = A M A L ( Q > / L L ( J > ;  
K I A M P = K l  /AMP; 
K L A M P ( J > = L ( J > / A M P ;  
A L 2 ( J > = A M P / L 2 ( J > ;  
A 2 L 2 ( J > = A M P Z / L 2 ( J >  
BEGTN {VZA[  1 7 0 1  : R=B/C}  
END; 
2 5  
FOR A L L  J:=l..N 




E N D ;  { Z }  
RESET (CONTINUED)  
3 DO I N  P A R A L L E L  {FORTRAN CODE: C A L L  Z I C }  
BEGIN- 
FOR A L L  J : = 1 .  .N  
BEGTN { V 3 A [ 7 2  1 : R=B*C}  
P 2 0 4 ( J ) = A 2 A ( J > * M ( J > ;  
P205(J)=A2L2(J>*ITA(J) ; (USED I N  NEWRAP T 2 ( J > }  
P 2 0 6 (  J > = A L 2 (  J )  * I P A (  J ) {USED I N  NEWRAP C ( 2 ,  J I }  
{USED I N  NEWRAP C ( l  , J > }  
END; 
BEGTN ( V 3 B C 9 6 1  :A=B*C}  
FOR A L L  J : = 1 .  .N  






FOR A L L  I : = 1 . . 3  AND J : = 2 . . N - 1  
K L ( 1  ,1  ,1  , 1  , I > = - K ( l  , 1  , 1  , l ) * A M A L ( Q ) , K L I O = I M A G [ K L O I ;  
K L ~ 1 , 1 , 1 , 2 , I ~ = - K ~ 1 , 1 , 1 , 2 ~ * A M A L ~ Q ~ , K L I ~ ~ = I M A G ~ K L ~ ~ I ~  
K L ( 1  ,1  ,1  , 3 , I > = - K ( 1  ,1  ,1  , 3 ) * A M A L ( Q > , K L I O = I M A G [ K L O l ;  
K L ~ 1 , 2 , 1 , 2 , I ~ = - K ~ 1 , 2 , 1 , 2 > * A O L ~ 1 ~ , K L I 0 = I M A G ~ K L O I ~  
K L (  1 , 2 , 1  ,3, I > = - K (  1 , 2 , 1  , 3 > * A O L ( 2 >  , K L I (  > = I M A G [ K L (  I ; 
K L ~ 2 , 1 , 1 , 1 , I ~ = - K ~ 2 , 1 , 1 , 1 ~ * A O L ~ 1 ~ , K L I ~ > = I M A G ~ K L 0 I ~  
K L ~ 2 , 1 , 1 , 2 , I > = - K ~ 2 , 1 , 1 , 2 > * A O L ~ 1 ~ , K L I ~ ~ = I M A G ~ K L ~ ~ l ~  
K L ( 2 , l  , l  ,3, I ) = - K ( 2 , 1  ,l , 3 ) * A O L (  1 > , K L I (  > = I M A G [ K L ( )  1 ; 
K L ~ 2 , 2 , 1 , 2 , I > = - K ~ 2 , 2 , 1 , 2 ~ * A O L 2 ~ 1 ~ , K L I 0 = 1 M A G ~ K L O l ~  
K L ( 2 , 2 , 1  ,3, I ) = - K ( 2 , 2 , 1  , 3 > * A O L L (  1 ) , K L I (  > = I M A G [ K L (  I ; 
K L (  1 , 1 , J , 1 , I )=-K( 1 , 1 , J , 1 ) *AMAL(Q)  , K L I  ( ) = I M A G [ K L (  I ; 
KL(l,l,J,2,I)=-K(l,l,J,2)*AMAL(Q),KLIO=IMAG[KLOI~ 
K L (  1 , l  , J , 3 ,  I > = - K (  1 ,l ,J , 3 > * A M A L ( Q >  , K L I (  > = I M A G [ K L ( )  I ; 
K L ~ 1 , 2 , J , 1 , I > = - K ~ 1 , 2 , J , 1 ~ * A O L ~ J - 1 ~ , K L I ~ ~ ~ I M A G ~ K L ~ ~ l ~  
K L (  1 . 2 ,  J ,2 , I > = - K (  1 , 2 ,  J , 2 > * A O L ( J >  , K L I (  > = I M A G [ K L ( )  1 ; 
K L ~ 1 , 2 , J , 3 , I > = - K ~ 1 , 2 , J , 3 > * A O L ~ J + l ~ , K L I ~ ~ = I M A G ~ K L ~ ~ I ~  
K L ( 2 , l  , J, 1 , I > = - K ( 2 , 1  , J,  1 ) * A O L (  J )  , K L I (  > = I M A G [ K L ( >  I ; 
K L ( 2 , l  , J ,2, I > = - K ( 2 , 1  , J , 2 > * A O L ( J >  , K L I (  > = I M A G [ K L (  I ; 
KL(2,1,J,3,I>=-K(2,1,J,3)*AOL(J),KLI0=IMAG[KLOI~ 
K L ~ 2 , 2 , J , 1 , I > = - K ~ 2 , 2 , J , l ~ * A O L L ~ J - 1 ~ , K L I O ~ I M A G ~ K L O I ~  
K L ( 2 , 2 ,  J , 2 , I > = - K ( 2 , 2  ,J , 2 ) * A O L 2 ( J >  , K L I (  > = I M A G [ K L (  1; 
KL(2,2,J,3,I>=-K(2,2,J,3)*AOLL(J),KLIO=IMAG[KLOI~ 
K L (  1 , l  ,N, 1 , I ) = - K ( l ,  1 ,N, 1 > * A M A L ( Q >  , K L I O = I M A G [ K L ( )  1 ;  
K L (  1 ,l ,N,2 ,  I > = - K (  1 ,l , N , 2 > * A M A L ( Q )  , K L I  ( > = I M A G [ K L (  ) 1 ; 
K L ~ 1 , 1 , N , 3 , I > = - K ~ 1 , 1 , N , 3 ~ * A M A L ~ Q ~ , K L I ~ ~ = I M A G ~ K L ~ ~ I ~  
K L ~ 1 , 2 , N , 1 , I > = - K ~ 1 , 2 , N , 1 ~ * A O L ~ N - 1 ~ , K L I ~ ~ ~ I M A G ~ K L ~ ~ l ~  
K L  ( 1 ,2, N ,2, I I ; 
K L ~ 2 , 1 , N , 1 , I > = - K ~ 2 , 1 , N , 1 ~ * A O L ~ N ~ , K L I 0 = I M A G ~ K L 0 I ~  
K L ( 2 , l  , N , 2 ,  I ) = - K ( 2 , 1  , N , 2 ) * A O L ( N >  , K L I (  ) = I M A G [ K L ( )  1 ;  
K L ( 2 , 1 , N , 3 , I > = - K ( 2 , 1 , N , 3 ) * A O L ( N ) , K L I 0 = I M A G [ K L O I ~  
K L (  2 , 2 ,  N , 1 , I >=-K( 2 , 2 ,  N , 1 ) * A O L L (  N- 1 ) , K L I  ( ) = I M A G [ K L (  
K L ( 2 , 2 , N , 2 , I > = - K ( 2 , 2 , N , 2 > t A O L 2 ( N ) , K L I = I M A G [ K L O l  
=-K( 1 , 2  , N ,2 ) * A O L (  N , K L I  ( ) = IMAGC K L  ( 
1 ; 
END 
END ( 3 )  
END; {RESET}  
2 7  
PROCEDURE CALCULATE[RESULTS\CURRENT,FORCEFUN,PARAMS,SHAFTl ;  
B E G I  N 
1 I F  CURRENT THEN { 1 ( T > }  WAIT ELSE 
B E G I N  { 1 ( E ) }  
1 WHILE T<=TMAX DO { *  BOTH T & TMAX ARE READ FROM DATA F I L E  * }  
B E G I  N 
1 I F  (CONVERGED AND ( 0 ~ 4 ) )  THEN { *  FORTRAN CODE: * }  
DO I N  P A R A L L E L  { *  ENTRY ORDER(U> * }  
BEGIN- { *  C A L L  I N C ( U >  * }  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  AND K:=Q+1 
Q=Q+ 1 
ZTI ,J,K)=u(I, J)/Q; 
END; { l ( E ) . l . l ( T ) }  
2 DO I N  P A R A L L E L  
B E ~ N -  
T=T+H ; 
CASE Q OF 
3:FORESTEP3[Z,T\Z,T,Hl;{ C A L L  ORDER(U) ;  S T E P ( 1 )  FOR U=3 } 
4:FORESTEP4[Z,T\Z,T,Hl;{ C A L L  ORDER(U1;  S T E P ( 1 )  FOR U - 4  } 
END 
END; { l ( E ) . l  . 2 }  
3 DO I N  P A R A L L E L  
BEGIN- 
NEWRAP[SOLUTION\PARAMS, IC ,START,SHAFT l :  
CASE Q OF 
3 : B E G I N  
BACKSTEP3 [ ZBACK , HBACK , TBACK\Z , H , T 1 ; 
H A L F S T E P 3 [ Z H A L F , H H A L F , T H A L F \ Z , H , T l ;  
DOUBLESTEP3[ZDOUBLE,HDOUBLE,TDOUBLEI 
END; 
4 : B E G I N  
BACKSTEP4[ZBACK,HBACK,TBACK\Z,H,Tl ;  
H A L F S T E P 4 [ Z H A L F , H H A L F , T H A L F \ Z , H , T I ;  
DOUBLESTEP4[ZDOUBLE,HDOUBLE,TDOUBLEl 
END 
END {CASE Q }  
END; { l ( E ) . l  .3} 
STEP[Z ,H ,T \ZBACK,HBACK,TBACKI  E L S E  
I F  ERR(E06 THEN S T E P [ Z , H  ,T\ZDOUBLE,HDOUBLE , T D O U B L E I  ELSE 
STEP[Z,H,T \ZHALF,HHALF,THALFl  
4 I F  NOT CONVERGED OR E R R > E 0 4  THEN 
END; ( l ( E 1 . 1 )  
END; { 1 ( E > }  
28 
CALCULATE (CONTINUED)  




FOR A L L  1 3 : = 1 . . 3  
B E G I N  { V 2 A [ 5 1  :R=B}  
TO=T ; 
T I C = T ;  
A N G I C ( I 3 > = A N G ( I 3 )  
END; 
FOR A L L  I 2 : = 1 . . 2  AND I 3 : = 1 . . 3  
B E G I N  { V 2 B [ 8 1 : A = B }  
R E F O ( I Z ) = R E F ( I 2 ) ;  
R O I C ( 1 2 , 1 3 > = R O ( I 2 , 1 3 )  
END 
END; (2 )  
3 W R I T E t S H A F T  I N P U T  F I L E 2 \ I C I  
END; {CALCULATE}  
2 9  
PROCEDURE BACKSTEP3[ZA(2,24,4):COMPLEX;HA,TA:REAL\Z(2,24,4):COMPLEX;H,T:REALl; 
CONSTANTS(REAL> 
B E G I N  
K l = l . ;  B E T 1 = . 1 ;  B E T 2 = . 0 1  
1 DO I N  PARALLEL {FORTRAN CODE: C A L L  O R D E R ( 3 ) ;  S T E P ( - l )  } 
BEGIN- 
TA=T-H; 
H A = B E T l * H ;  
I 3 0  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  ( V l A [ 4 8 1 : A = B - C + D }  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  
B E G I N  { V l C [ 9 6 1  : A = B * C }  
ZA(I,J,3)=Z(I,J,3>*BET2; 
Z A ( 1  ,J , 4 > = Z ( I  ,J , 4 ) * K 1  
Z A ( I  , J , 1  ) = Z ( I  , J ,  1 > - Z ( I  ,J , 2 ) + Z ( I  ,J , 3 >  ; 
ZA(I,J,2)=(Z(I,J,2)-Z(I,J,3)-Z(I,J,3)>*BETl; 





V A R I A B L E S ( I M A G 1 N A R Y )  
B E G I N  
PROCEDURE B A C K S T E P 4 [ Z A ( 2 , 2 4 , 4 > : C O M P L E X ; H A , T A : R E A L \ Z ( 2 , 2 4 , 4 > : C O M P L E X ; H , T : R E A L l ;  
K l = l . ;  B E T 1 = . 1 ;  B E T 2 = . 0 1 ;  B E T 3 = . 0 0 1 ;  K 3 = 3 .  
K Z (  1 .  . 2 , 1 .  .24)  
1 DO-IN-PARALLEL {FORTRAN CODE: C A L L  O R D E R ( 4 ) ;  S T E P ( - l >  } 
BEG1 N 
TA=T-H; 
H A = B E T l * H ;  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  
BEGTN { V l A [ 9 6 1  : A = B * C }  
K Z ( I , J ) = K 3 * Z ( I , J , 4 ) ;  
Z A ( I , J , 4 > = Z ( I , J , 4 ) * B E T 3  
END; 
FOR A L L  I : = 1 . . 2  AND J : = l . . N  
B E G r N  { V l  BC 96 1 : A=( B-C-D+E ) / F }  
Z A ~ I , J , 1 ~ = ~ Z ~ I , J , 1 > - Z ~ I , J , 2 ~ - Z ~ I , J , 4 ~ + Z ~ I , J , 3 ~ ~ * K l ~  
Z A ~ I , J , 2 ~ = ~ Z ~ I , J , 2 ~ - Z ~ I , J , 3 ~ - Z ~ I , J , 3 > + K Z ~ I , J ~ ~ * ~ E T l  
END; 
FOR A L L  I : = 1 . . 2  AND J : = l . . N  § V l C [ 4 8 1 : A = ( B - C * D > * E e  
ZA(  I , J , 3  )= (  Z ( I , J , 3  ) - K 3 *  Z (  I , J ,4 )  ) * BET2 
END 
END; (BACKSTEP4)  
3 1  
PROCEDURE F O R E S T E P 4 [ Z ( 2 , 2 4 , 4 > : C O M P L E X \ Z ( 2 , 2 4 , 4 ) : C O M P L E X ) l ;  
CONSTANTS(REAL) 
V A R I A B L E S ( R E A L )  
B E G I  N 
1 DO-IN-PARALLEL { C A L L  O R D E R ( 4 ) ;  S T E P ( 1 )  } 
K 3 = 3 .  
K Z ( 1 .  .2,1. .24)  
B E G I  N 
1 DO I N  P A R A L L E L  
BEGIN- 
I TA=TA; 
I HA=HA*BETl  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  
B E G I N  { V l A [ 1 4 4 1 : A = ( B * C + D ) * E }  
, Z A ( 1  ,J ,1  ) = ( U ( I  , J > * A L P ( l  , 3 > + Z ( I ,  J ,  1 ) ) * K 1  ; 
I 
~ ZA(I,J,3>=(U(I,J>*ALP(3,3)+Z(I,J,3))*BETZ 
FOR A L L  I:=l. .2 AND J : = 1 .  .N  
ZA( I, J , 2 > = ( U (  I, J > * A L P ( 2 , 3 > + Z (  I ,  J , 2 )  ) * B E T 1  ; 
END; 
I { V l B [ 4 8 1 : A = B }  ZA(I , J , 4 ) = Z ( I ,  J ,4 )  END 
I END; ( H A L F S T E P 3 )  
I 
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PROCEDURE H A L F S T E P 4 C Z A ( 2 , 2 4 , 4 ) : C O M P L E X ; H A , T A : R E A L \ Z ( 2 , 2 4 , 4 ) : ~ O M P L E X ; H , T : R E A L J ;  
CONSTANTS(REAL> 
B E G I N  { FORTRAN CODE: C A L L  O R D E R ( 4 ) ;  S T E P ( . S >  } 
K O = O . ;  K l = l . ;  B E T 1 = . 5 ;  B E T 2 = . 2 5 ;  B E T 3 = . 1 2 5  
1 DO I N  P A R A L L E L  
BEGIN- 
TA=TA;  
H A = H A * B E T l  ; 
FOR A L L  I : = 1 . . 2  AND J : = l . . N  







END; ( H A L F S T E P 4 )  
33 
PROCEDURE D O U B L E S T E P 4 C Z A ( 2 , 2 4 , 4 > : C O M P L E X ; H A , T A : R E A L  Z(2,24,4):COMPLEX;H,T:REALI 
CONSTANTS ( R E A L )  
B E G I N  { FORTRAN CODE: C A L L  O R D E R ( 3 ) ;  S T E P ( 2 )  } 
K l = l . ;  B E T 1 = 2 . ;  B E T 2 = 4 .  
1 DO I N  P A R A L L E L  
BEGIN- 
TA=TA;  
HA=HA*BETl  ; 
FOR A L L  I : = 1 . . 2  AND J : = l . . N  





FOR A L L  I : = 1 . . 2  AND J : = l . . N  { V l B [ 4 8 1 : A = B )  
ZK( I , J , 4 >  = Z  ( I , J ,4  1 
END 
END; (DOUBLESTEP3) 
PROCEDURE DOUBLESTEP4CZA(2,24 ,4) :COMPLEX;HA,TA:REAL\Z(2 ,24 ,4) :COMPLEX;H,T:REALl  
CONSTANTS(REAL> 
B E G I N  {FORTRAN CODE: C A L L  O R D E R ( 4 ) ;  S T E P ( 2 )  } 
1 DO I N  P A R A L L E L  
KO=O.; K l = l . ;  B E T 1 = 2 . ;  B E T 2 = 4 . ;  B E T 3 = 8 .  
BEGIN- 
T A = ( K O * K O + T A ) * K l ;  
H A = ( K O * K O + H A > * B E T l ;  
FOR A L L  I : = 1 . . 2  AND J : = l . . N  









B E G I N  { FORTRAN CODE: ENTRY S T E P ( B E T 1  } 
1 DO I N  P A R A L L E L  
BEGIN- 
FOR A L L  I : = 1 . . 2  AND J : = l . . N  AND K : = l . . Q  { V l [ 4 8 1 : A = B }  
H=HA; 
T=TA 
Z ( I , J , K ) = Z A ( I , J , K > ;  
END 
END; { S T E P }  
3 4  
PROCEDURE NEWRAP[SOLUTION FORCEFUN,PARAMS,SHAFTl ;  
CONSTANTS(REAL) 
CONSTANTS(C0MPLEX) 
V A R I A B L E S ( B O 0 L E A N )  
V A R I A B L E S ( 1 N T E G E R )  
V A R I A B L E S ( R E A L 1  
A B S D U R = l . E - 0 8 ;  
A B S D U I = ~ O , 1 ~ * A B S D U R ~ K 2 O = 2 O ~ K O = O ~ K P 5 = O . 5 ~ K E l O = l E l O ~  
FLAG 
I T T E R  
DT;DT2;H2;IHl;IH2;RRAl;Tl;AAl;AA2;RRAZ;ANG2;ANG(3); 
A N G ( 3 ) ; C R ; C I ; T 2 ( 2 4 > ; T 3 ( 2 4 ) ; R P 1 ( 2 4 > ; R P 2 ( 2 4 ) ;  
A B S R ; A B S U ( 2 , 2 4 ) ; A B S U D O T ( 2 , 2 4 ) ; C C ( 4 , 2 4 > ; B ~ 4 , 4 , 2 4 , 3 ) ;  
T A ( 2 ) ; T R ( 2 ) ; C ( 2 , 2 4 ) ; R 0 ( 2 , 3 ) ; T A ( 2 4 ) ; T 4 ( 2 4 ) ;  
A ( 2 , 2 , 2 , 2 4 , 3 > ; R ( 2 , 3 , 3 ) ; T B 1 ( 2 4 ) ; T B 2 ( 2 4 ) ;  
GO;G1;G2;G3;G4;G5;G6;G7;G8;G9;GlO;Gll;G12;Gl3;Gl4;Gl5; 
c o ; c 1 ; c 2 ; c 3 ; c 4 ; c 5 ;  
F ( 2 , 2 4 > ; F C S ; F 0 ( 2 > ; F 1 ( 2 ) ;  
RA1;RA1DOT;RB1;RB1DOT;RA2;RA2DOT;RB2;RB2DOT; 
V A R I A B L E S ( C 0 M P L E X )  
B E G I N  {NEWRAP} 
DO-IN-PARALLEL {FORTRAN CODE: C A L L  JACOB } 
FOR A L L  I : = 1 .  . 3  
BEGTN 
A N G I C ( I > = A N G I C ( I > + D E L T A  A N G L E ( 1 ) ;  
D T = T - T I C  
END; ( 1 )  
DO I N  P A R A L L E L  







RO(1 , 2 > = R O I C ( 1  , 3 > * D T + R O I C ( l  , 2 ) ;  
R0(2,2)=ROIC(2,3>*DT+ROIC(2,2); 
R 0 ( 1 , 3 ) = R O I C ( 1 , 3 ) ;  
R 0 ( 2 , 3 > = R O I C ( 2 , 3 >  
END; (2) 
DO I N  P A R A L L E L  
BEGIN- 
A N G ( l ) = A N G I C ( 3 ) * D T 2 + T A ;  
RO(1,1)=ROIC(1,3>*DT2+TR(l~~ 
R 0 ( 2 , 1 ) = R O I C ( 2 , 3 > * D T 2 + T R ( 2 ) ;  
ANGZ=ANG2*ANG2+KO; 
H2=H H+KO 
END; (3)  
DO I N  P A R A L L E L  
BEGIN- 
I H l = l / H ;  I H 2 = 1 / H 2 ;  R R A l = A M P / H ;  
C R = C O S [ A N G ( l ) I ;  C I = S I N [ A N G ( l > I  
END; (4) 
3 5  
NEWRAP (CONTINUED)  
5 DO I N  PARALLEL 
BEGIN- 
REF( 1 ) = C P X [ C R , C I  1 ; 
R E F ( 2 ) = C P X [ O , A N G ( Z ) I ;  
REF(3)=CPX[ANGZ,ANG(3>1 
END; (5) 
6 DO I N - P A R A L L E L  
BEGIN 
I T T E R = K O ;  
R E F ( 2 ) = R E F ( 2 ) * R E F ( l ) ;  
R E F ( 3 > = R E F ( 3 ) * R E F ( l > ;  
FOR A L L  J : = 1 .  . N  
B E G I N  {V6A[481:A=B*C;V6B[76I:R=B*C} 
T l = A N G ( 3 > * A L P ( l , Q > ;  
A A l = A L P ( l , Q > * A M P ;  
A A 2 = A L P ( 2 , Q ) * R R A 1 ;  
R R A 2 = A M P 2 * I H 2 ;  
T 2 ( J > = P 2 0 5 ( J , Q ) * I H 2 ;  
C (  1 , J > = P 2 0 4 (  J ,Q> * I H 2  ; 
C ( 2 , J > = P 2 0 6 ( J , Q > * I H 2 ;  
RP1 ( J  ) = P 2 1 5 (  J > * I H 2 ;  
R P 2 ( J > = P 2 1 5 ( J > * I H 1  
END; 
END; (6)  
FOR-ALL I : = 1 . . 2  AND J : = l . . N  { V 6 C C 4 8 1 : A = B }  
U ( I , J > = K O ;  
7 FOR-ALL J : = l . . N  { V 7 [ 2 4 l : A = B * C + D + E }  
C ( 2 ,  J > = C ( 2 ,  J > * A N G ( 2 > + T 2 (  J > + T 1  ; 
8 WHILE I T T E R c K 2 0  DO 
BEG1 N 
1 DO I N  PARALLEL 
BEGIN- 
I T T E R = I T T E R + l ;  
ERR=KO 
END; ( 8 . 1 )  
NEWRAP (CONTINUED)  
8 .2  DO I N  P A R A L L E L  
BEGIN- 
FOR A L L  J 2 : = 1 .  .2 AND J 3 : = 1 .  . 3  { V 2 A [ 6 1 : A = B * C }  
R T J 2 , 1 ,  J 3 > = R E F (  J 3 > * R B C (  1 , J 2 )  ; 
C A L C l [ \ l  ,21; 
DO I N  P A R A L L E L  
I F  M O D [ I T T E R , 4 ] < > 1  THEN FLAG=FALSE E L S E  
BEGIN- 
FLAG=TRUE; 
FOR A L L  J : = 1 .  . N  {FORTRAN CODE: ENTRY ROTOR(A> } 
B E G r N  { V 2 B [ 4 8 0 1 : A = B )  
A ( l  ,1 ,1  , J , 1  > = K L ( l  ,1 , J , 1  , Q - l ) ;  
A ( l  ,1 ,1  , J , 3 ) = K L ( l  ,1 , J , 3 , Q - l > ;  
A ( l  ,1  , 2 , J , 1  ) = K L ( 1 , 2 , J , 1  , Q - 1 ) ;  
A ( 1 , 1 , 2  , J ,2  ) = K L  ( 1 , 2  , J , 2  , Q- 1 ) ; 
A ( l  , 1  , 2 , J , 3 > = K L ( 1  , 2 , J , 3 , Q - l > ;  
A ( 2 , l  ,1  , J , 1  ) = K L ( 2 , 1  , J , 1  , Q - l ) ;  
3 6  
A(2,l ,1 ,J,2>=KL(2,1 ,5,2,Q-1>; 
A(2.1 , 1 , J ,3 >=KL( 2,l , J ,3 ,Q-l) ; 
A(2,l ,2,5,1 >=KL(2,2,J,l ,Q-l); 
A(2,1,2,J,3>=KL(2,2,5,3,Q-l); 
A(1,2,1,J,1>=KLI(1,1,J,1,Q-l>~ 
A( 1 ,2,1 , J ,3>=KLI ( 1 , 1 , J ,3 ,Q-l) ; . . .  
A(l ,2,2, J ,  1 >=KLI(l ,2,J, 1 ,Q-l); 
A(l ,2,2,J,2>=KLI(l ,2,J,2,Q-1>; 
A(1,2,2,J,3>=KLI(1,2,J,3,Q-1); 






FOR ALL J:=1. . N  
BEGTN {V2C[481 :A=B-C} 
A( 1 , 1 , 1 , J ,2 )=KL( 1 , 1 , J ,2,Q-1 >-C( 1 , J ) ; 
A(2,1,2,J,2>=KL<2,2,5,2,Q-l)-C(2,J) 
END; 
FOR ALL J:=1. . N  
BEGTN {V2D[481 :A=B-IMAGIC } 
A ( 1 , 2 , 1 , J , 2 > = K L I ~ 1 , 1 , J , 2 , 9 - 1 > - 1 M A G [ C ( 1 , J ~ l ~  






8.3 FOR J:=l..N DO 
BEGIN 
1 DO IN PARALLEL 
BEGIN- 
IF J < N  THEN CALCl [\J+l ,31; 
ELSE FOR ALL J1:=1..2 AND J3:=1..3 (VlA(E>[61 
TA(J>=REF(3>*M(J>; 
T3(J)=ANG(3>*IP(J>; 
T 2 (  J )=ANG( 2 1 *IP( J 1 ; 
T4( J>=REF(3>*IT( J) 
R(J1 ,3TJ3)=REF(J3>*RBC(2,Jl); 
END; (8.3.1) 











G4=R(l72,l>*K(1 ,1  , J , 2 > ;  
GS=R(1,3,1)*K(l ,1 , J , 3 > ;  
G6=R(2,1 ,l)*K(1,2,J,1>; 
G7=R(2,2,1>*K(1 ,2,J,2>; 
F(  1 , J>=R(2,3,1 ) * K (  1 ,2, J ,3> ; 




G8=RO( 2,3 1 * I T( J ; 
G9=R(2,2,3)*IT( J 1 
Gll=R(l ,1 ,1>*K(2,1 , J , l > ;  
G12=R( 1,2,1 >*K(2,1 , J ,2> ; 
G13=R(1 ,3,1>*K(2,1 ,J,3>; 
G14=R(2,1 , l  >*K(2,2 ,J, 1 )  ; 
GlS=R(2,2,1 >*K(2,2, J ,2> ; 
F(2,J>=R(2,3,1)*K(2,2,5,3); 
END; 
G2=RCG( J ,  1 >*TA(J> ; 
C2=RCG( J ,2>*TB2( J) ; 











5 F ~ 2 , J ~ = - ~ F ~ 2 , J ~ + G 8 + G 9 + G l O + G l l + G 1 2 + G 1 3 + G 1 4 + G l 5 - F C 5 > / L ~ J ~ ~  
6 IF LOC(J> THEN CALC2; 
7 DO IN PARALLEL 
BEGIN- 
FOR ALL 11:=1..2 AND I2:=1..2 AND 13:=1..3 




B(l ,1 ,J,I>=REAL[A(l , 1  , 1  ,J,I)l; 
B(3,l ,J,I>=REAL[A(2,1 , 1  , J,I>l; 
B(1,2,J , I>=REAL[A(1,2,1,J , I>1;  
B(3,2,J,I>=REAL[A(2,2,l,J,I)l; 
B( 1,3, J,I>=REAL[A( 1 , l  , 2 ,  J ,  I) I; 




RTIl ,12,13>=R(Il ,I2+1 ,13); 
END; 
39 
FOR ALL I:=1..3 
BEGTN (V7C[261 :A=IMAGCBI} 
CC(2,J)=IMAG[F(l,J>I; 
~C(4,J)=IMA~[T(?,,J)I; 
B(  2.1 , J , I ) =  IMAG[A( 1 , I  , I , J , I ) I ; 
B( 4 , l  , J , I )=IMAG[A( 2 , 1  , 1 , J , I ) I ; 
B(2,2,J,I)=IMAG[A(l ,2,1 ,J,I)l; 
B(4,2, J ,  I)=IMAG[A(Z,Z,l , J ,  I) 1 ; 
B(2,3,J,I>=IMAG[A(l,l,Z,J,I)I; 
B(4,3,J,I>=IMAG[A(2,1 , 2 ,  J ,  I) 1 ;  
B(2.4, J ,  I>=IMAG[A( 1,2,2, J ,  I) 1 ; 
B(4,4,J,I>=IMAG[A(2,2,2,J,I)I 
END 
END; ( 8 . 3 )  
END (8 .3 .7 )  




END; (8 .4 )  
BEGrN (V5[481 :A=CABS[BI} 
5 FOR ALL I1:=1..2 AND J:=l..N 
ABSlJ(Il,J>=CABS[U(Il,J)I; 
ABSUDOT(I1,J>=CABS[DU(Il,J)I 
END; (8 .5 )  
40 
NEWRAP (CONTINUED)  
8.6 DO I N  P A R A L L E L  
BEGIN- 
FOR I : = 1 . . 2  AND J : = l . . N  DO I F  A B S U ( I , J ) > E R R  THEN ERR=ABSU; 
FOR I : = 1 . . 2  AND J : = l . . N  DO I F  A B S U D O T ( I , J > > K E l O  THEN CONVERGE=FALSE 
END; (8.6) 




PROCEDURE C A L C l [  1 , M : I N T E G E R l ;  
B E G I N  ( C A L C l }  
1 DO I N  P A R A L L E L  










R ( l  , M , l > = Z ( l  , I , l ) + A L P ( l  , Q > * U ( l  , I ) ) * A M P ;  {FORTRAN CODE : C A L L  R A D I U S }  
END; 
2 A B S R = C A B S ( R I C ( I , l , l ) ;  
3 I F  ABSR>RMAX THEN RMAX=ABSR 
END; { C A L C l }  
PROCEDURE CALC2 
B E G I N  
1 E X T E R [ F O \ J , R ( 1 , 2 , 1 > , R ( 1 , 2 , 2 ) 1 ;  
2 DO I N  P A R A L L E L  
B EGI N- 
END; (2) 
B E G I N  
2 DO-IN-PARALLEL 
F ( 1  , J ) = F ( l , J > + F O ( l ) ;  
F ( 2 , J ) = F ( 2 , J ) + F O ( 2 >  {NOTE F O ( 2 )  ALWAYS ZERO} 
3 I F  FLAG THEN 
FOR L : = 1 . . 3  DO 
1 JJ:=J+L-2; 









END; ( 3 . 2 )  
3 DO I N  P A R A L L E L  
BEGIN- 
EXTER[FAl\J,RAl,RAlDOTl; 
4 1  
E X T E R [ F B l  \J RB1 , RB1 DOT1 ; 
E X T E R [ F A 2 \ J , R A 2 , R A 2 D O T l ;  
EXTE R [ F 6 2  \ J , RB2 , RB2 DOT 1 
END; ( 3 . 3 )  
4 DO I N  PARALLEL {FORTRAN C0DE:ENTRY R O T O R ( A ) }  
BEG1 N- {V4[  81: A=B+( C-D) / E }  
A ( l  ,1  , 1  , J , L ) = A ( l  , 1  , 1  ,J,L)+(FAl(l)-FO(l))/ABSDUR; 
A (  2 , l  , 1 , J , L ) = A (  2 , l  , 1 , J , L ) + (  FA1 (2 1 -FO(  2) ) /ABSDUR ; 
A(1,2,1,J,L)=A(1,2,1,J,L)+(FBl~l)-F0(1))/ABSDUR~ 
A ( 2 , 2 , 1 , J , L > = A ( 2 , 2 , 1 , J , L > + ( F B 1 ( 2 ) - F 0 ( 2 > ) / A B S D U R ;  
A ( l  ,1  , 2 , J , L > = A ( 1  , 1  ,2,J,L)+(FA2(l)-FO(l))/ABSDUR; 
A(2,1,2,J,L)=A(2,1,2,J,L)+(FA2(2)-FO(2))/ABSDUR; 
A ( 1 , 2 , 2 , J , L ) = A ( 1 , 2 , 2 , J , L ) + ( F B 2 ( 1 > - F O ( l ~ ) / A B S D U R ~  
A ( 2 , 2 , 2 , J , L > = A ( 2 , 2 , 2 , J , L ) + ( F B 2 ( 2 ) - F O ( 2 ) ) / A B S D U R  
END ( 3 . 4 )  
END { 3 }  
END; (CALC2)  
4 2  
I -  
PROCEDURE EXTER[FF(2):COMPLEX\RR,RRDOT:COMPLEX;J:INTEGERl; 
CONSTANTS( R E A L )  
K 5 0 0 0 = 5 0 0 0 . ;  
K 0 0 2 = . 0 0 2 ;  
KO=O; 
K l = l . ;  
K D 0 5 = - 1 . D + 0 5 ;  
K 0 0 5 = . 0 0 5 ;  
K 0 0 2 6 3 = . 0 0 2 6 3  
V A R I A B L E S ( R E A L >  
DEL 
B E G I N  
1 DO I N  P A R A L L E L  
BEGIN 
FF(l)=O; F F ( 2 > = 0  
END; ( 1 )  
B E G I N  ( 2 ( T ) }  
1 JOURNL[ FF ( 1 ) \RR , RRDOT , KO,  K 0 0 5 ,  K 0 0 2 6 3 ,  TRUE 1 ; 
END { 2 ( T ) }  
B E G I N  { 2 ( E ) ( T > }  
2 I F  D E L N 0 0 2  THEN 
2 I F  ( J = 5  OR J-19) THEN 
2 F F ( l ) = F F ( l ) - K 5 0 0 0 * R R  
ELSE I F  (J=3 OR J = 1 2  OR J = 2 1 )  THEN 
1 DEL=CABSCRRI ;  
B E G I N  { 2 ( E ) ( T > . 2 ( T ) }  
2 F F ( l > = K D O S * R R * C P X [ D E L , D E L ]  
END { 2 ( E ) ( T ) . Z ( T > }  
1 D E L = K l - K 0 0 2 / D E L ;  
END (2) 
END; {EXTER}  
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PROCEDURE JOURNL~F,R,RDOT:COMPLEX;OM,CR,FZ:REAL4;CAV:BOOLEANl; 
CONSTANTS(REAL) 
V A R I A B L E S ( R E A L >  
H;ABSV;D;DD; 
V A R I A B L E S ( C 0 M P L E X )  
X;V;EPS;EPSH;CEPS;CEPS3;F;FOA;FOB;N1(2);DNl(2);N2(2);Nl2(2); 
D N 2 ( 2 > ; N 3 4 ( 2 ) ; N 4 ( 2 ) ; N 2 6 ; N S 1 ( 2 ) ; D N 3 ( 2 ) ; N S 2 ( 2 ) ; A A ( 2 ) ; B B ( 2 ) ; C C ( 2 ) ; A A S ;  
K D M 1 2 z l . D - 1 2 ;  
BEG1 N { JOURNL} 
1 DO I N  P A R A L L E L  
BEGIN- 
X=R/CR; V = ( R D O T - K I * O M * R ) / C R  
END; ( 1 )  
2 A B S V = C A B S [ V l ;  
3 I F  A B S V < > O  THEN 
B E G I N  { 3 ( T ) }  
1 E P S = A B S [ V I * X / V ;  
2 CEPS=CONJ [ EPS 1 ; 
3 H=EPS*CEPS; 
4 I F  H<=KDM12 THEN 
{ 4 ( T ) }  I F  NOT CAV THEN { 4 ( T ) ( T ) }  F = - P I * F Z * V  ELSE 
B E G I N  { 4 ( T ) ( E ) }  
1 DO I N  P A R A L L E L  
BEGIN- 
F O A = F Z * P I * V / K Z ;  
F O B = F Z * V * 2 ;  
F = - ( R E A L [ X I + E P S )  
END; {l} 
2 F=F*FOB-FOA 
END { 3 ( T ) . 4 ( T ) ( E ) }  ELSE 
B E G I N  { 4 ( E ) }  
2 DO I N  P A R A L L E L  
1 CEPS3=CEPS*CEPS*CEPS ; 
B E G I N  
F = 8 * F Z * V / C E P S 3 ;  
EPSH=EPS/HH; 
D = S Q R T [ l - H I  
END; (2)  
3 DO I N  P A R A L L E L  
BEGIN- 
N l ( l ) = ( l - D > * E P S H ;  
N 1 ( 2 ) = ( 1 + D > * E P S H  
END; { 3 }  
4 DO I N  P A R A L L E L  
BEGIN- 
D N l ( l ) = N l ( l ) - N l ( 2 ) ;  
D N 1 ( 2 ) = N 1 ( 2 ) - N l ( l ) ;  
N 2 (  1 ) = N 1 (  1 ) * N 1 (  1 ) ; 
N 2 ( 2 ) = N 1 ( 2 ) * N 1 ( 2 ) ;  
N 1 2 ( 1 ) = 2 * N l ( l ) ;  
N 1 2 ( 2 ) = 2 * N 1 ( 2 )  
END; (4) 
JOURNL (CONTINUED)  
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3 . 4 . 5  DO I N  P A R A L L E L  
BEGIN- 
D N 2 ( 1 ) = D N l ( l ) * D N l ( l ) ;  
D N 2 ( 2 ) = D N 1 ( 2 ) * D N 1 ( 2 ) ;  
N 3 4 ( 1 > = K 4 * N l ( l ) * N 2 ( 1 ) ;  
N 3 4 ( 2 ) = K 4 * N 1 ( 2 > * N 2 ( 2 > ;  
N 4 ( 1 ) = N 2 ( 1 > * N 2 ( 1 > ;  
N 4 ( 2 ) = N 2 ( 2 > * N 2 ( 2 ) ;  
N 2 6 ( 1 > = K M 6 * N 2 ( 1 ) ;  
N S l ( l > = N 2 ( 1 ) + K l ;  
N S 1 ( 2 ) = N 2 ( 2 > + K l  
END; (5 )  
6 DO I N  P A R A L L E L  
BEGIN- 
D N 3 ( 1 ) = D N l ( l ) * D N 2 ( 1 > ;  
D N 3 ( 2 ) = D N 1 ( 2 ) * D N 2 ( 2 > ;  
N S 2 ( 1 ) = N S l ( l ) * N S l ( l > ;  
N S 2 ( 2 ) = N S 1 ( 2 ) * N S 1 ( 2 >  
END; ( 6 )  
7 DO I N  P A R A L L E L  
BEGIN- 
A A ( l ) = ( N 4 ( 1 ) + N 2 ( 1 ) > / D N 3 ( 1 > ;  
A A ( 2 > = ( N 4 ( 2 ) + N 2 ( 2 ) > / D N 3 ( 2 > ;  
BB(l>=(N34(1)+N12(1))/DN3(1); 
B B ( 2 > = ( N 3 4 ( 2 > + N 1 2 ( 2 ) ) / D N 3 ( 2 ) ;  
C C ( l > = ( N 2 6 + M K l > / D N 3 ( 1 )  
END; (7 )  




B B ( 2 > = B B ( 2 > - K 3 * A A ( 2 > / D N 1 ( 2 ) ;  
END; { 3 ( T ) . 4 ( E )  . 8 }  
9 CC(l>=CC(l>+K3*BB(l>/DNl(l); 
1 0  I F  NOT CAV THEN { 1 0 ( T >  F = - P I * C C ( l > * F  ELSE 
B E G I N  { 3 ( T ) . 4 ( E ) . l O ( E > }  
1 DO I N  P A R A L L E L  
BEGIN- 
D D = A T A N [ - D , R E A L [ X I l ;  
AA(l)=AA(l)*Nl(l)/NSZ(l); 
A A ( 2 ) = A A ( 2 ) * N 1 ( 2 > / N S 2 ( 2 ) ;  
B B ( l ) = B B ( l > / N S l ( l ) ;  
B B ( 2 > = B B ( 2 > / N S 1 ( 2 >  
END; { 1 0 ( E ) .  1 )  
2 A A S = A A ( l > + A A ( 2 > - B B ( 2 ) ;  
3 F=F*(CC(l>*DD+BB(l)-AAS) 
END { 3 ( T ) . 4 ( E ) . l O E }  
END { 3 ( T >  . 4 ( E > }  
END { 3 ( T ) }  
END; {JOURNL}  
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PROCEDURE S O L V E [ U ( 2 , 2 4 > : C O M P L E X \ U ( 2 , 2 4 ) : C O M P L E X ;  CC(4,24):REAL; 
CONSTANTS(REAL> 





1 FOR J:=l..N DO 
BEGIN 
IF J < N  THEN 
BEGIN {l(T)} 
1 DO IN  PARALLEL 
FOR ALL I1:=1..4 
B E G ~ N  {vi [gi :A=B/c} 
B(l ,I1 ,J,2)=B(1 ,I1 ,J ,2)/B(1,1 ,J,2); 
B(l ,Il,J,3>=B(l ,I1 ,J,3>/B(1 , l  ,J,2); 
MDU(l,J>=CC(l ,J)/B(l ,1  ,J,2> 
END; {l(T).l} 
FOR-ACL Kl:=l. .4 AND K2:=2. .4 AND I1:=1..4 
2 DO IN  PARALLEL {FORTRAN CODE: CALL BC} 
BEGIN {V2[631:A=B-C*D} 
B ~ K 2 , 1 1 , J , 2 ~ = B ~ K 2 , 1 1 , J , 2 ~ - B ~ 1 , 1 1 , J , ~ > * B ~ K 2 , 1 , J , 2 > ~  
B(K2.11 ,J,3)=B(K2,11 ,J,3)-B(l ,I1 ,J,3>*B(K2,1 ,J,2); 
B(K1 ,I1 , J+1 ,l>=B(Kl ,I1 , J + 1  ,1>-B(1 ,I1 ,J,2>*B(K1 , 1  ,J+1 ,l); 
B(K1 ,I1 ,J+1 ,2)=B(K1 ,I1 ,J+1 ,2>-B(1 ,I1 ,J,3>*B(K1 ,1 ,J+l,l); 
CC( K2, J > =CC( K2, J ) -MDU ( 1 , J ) *B( K2,l , J , 2 )  ; 
CC(Kl,J+l>=CC(Kl,J+l>-MDU(l ,J)*B(Kl ,1 ,J+1 , 1 >  
END; {1(T).2} 
3 DO-IN-PARALLEL 
BEGrN {V3[81 :A=B/C} 





4 DO IN-PARALLEL 
FOR ALL K1:=1..4 AND K3:=3..4 AND I2:=2..4 AND I1:=1..4 
BEGIN {V4[481 :A=B-C*D} 
B(K3,12,J,2>=B(K3,12 ,J ,2>-B(2,12, J ,2>*B(K3,2, J ,2); 
B(K3,Il,J,3>=B(K3,Il,J,3)-B(2,Il,J,3>*B(K3,2,J,2~~ 
B(K1 ,I2, J+1,1 )=B(K1 ,I2, J+l,l >-B(2 ,I2,J ,2>*B(K1 ,2 ,J+l,l); 
B(K1 ,I1 ,J+1 ,2)=B(K1 ,I1 ,J+1 ,2)-B(2,11 ,J,3)*B(Kl ,2,J+1 ,l); 
CC(K3,J>=CC(K3,J>-MDU(Z,J)*B(K3,2,J,2>; 
CC(Kl,J+l>=CC(Kl,J+l>-MDU(2,J>*B(Kl,2,J+l,l) 
END; (1 (T) .4} 
5 DO-IN-PARALLEL 
FOR ALL 13:=3..4 AND I1:=1..4 





SOLVE (CONTINUED)  
1 T .  6 DO I N  P A R A L L E L  
FOR K T : = 1 .  . 4  AND I 3 : = 3 .  . 4  AND I 1  : = 1 .  . 4  
B E G I N  { V 6 [ 1 7 1 : A = B - C t D )  
6(4,13,J,2)=B(4,13,J,2)-B(3,13,J,2)*B(4,3,J,2); 
B ( 4 , I l  , 5 , 3 > = 8 ( 4 , 1 1  , J , 3 ) - B ( 3 , 1 1  , J , 3 ) * 6 ( 4 , 3 , 5 , 2 ) ;  
B ( K l , I 3 , J + l  , l ) = B ( K l  , 1 3 , J + 1  , l > - B ( 3 , 1 2 , J , 2 ) * B ( K l  , 3 , J + 1  , l); 
B ( K 1  , I 1  , J+1  , 2 > = B ( K 1  , I 1  , J + 1  , 2 > - B ( 3 , 1 1  , J , 3 > * B ( K 1  , 3 , J + 1  , l); 
CC(4,J>=CC(4,J) -MDU(3,5>*8(4,3,5,2>;  
C C ( K l , J + l > = C C ( K l  , J + l ) - M D U ( 3 , J ) * B ( K l  , 3 , J + 1  , 1 )  
END; { 1 ( T > . 6 }  
7 DO-IN-PARALLEL 
B E G i N  { V 7 [ 6 1 : A = B / D }  
FOR A L L  1 1  : = 1 .  . 4  
6 ( 4 , 4 , J , 2 ) = B ( 4 , 4 , J , 2 > / 8 ( 4 , 4 , J , 2 > ;  
6(4,Il,J,3>=B(4,11,J,3)/B(4,4,J,2); 
MDU(4,J)=CC(4,J>/B(4,4,J,Z) 
END; { 1 ( T ) . 7 }  
8 DO-IN-PARALLEL 
BEGTN { V 8 [ 2 4 1  :A=B-C*D} 
FOR A L L  K 1 : = 1 . . 4  AND I 1 : = 1 . . 4  
B ( K 1  , 4 , J + 1 , 1  ) = B ( K l  ,4, J + 1 , 1  > - B ( 4 , 4 , J  , 2 > * B ( K 1  ,4 ,  J + 1 , 1 )  ; 
B ( K 1  , I 1  , J+1  , 2 > = B ( K 1  , I 1  , J + 1  , 2 > - B ( 4 , 1 1  , J , 3 > * B ( K l  , 4 , J + 1  , 1 ) ;  
CC(Kl,J+l>=CC(Kl,J+l>-MDU(4,J)*B(Kl,4,J+l,l) 
END { 1 ( T > . 8 }  
END { 1 ( T > }  ELSE 
B E G I N  { l ( E ) }  
1 DO I N  P A R A L L E L  
FOR A L L  I 1  : = 1 .  . 4  
BEGTN { v i  [ q i  :A=B/c}  
B( 1 , I 1  , J , 2 > = B (  1 , I 1  , J, 2) / B (  1 ,l , J , 2 >  ; 
B ( 1  , I 1  ,J,3>=6( 1 ,  I 1  , J , 3 > / B ( l ,  1 ,J , 2 > ;  
MDU(l,J)=CC(l,J>/B(l,l,J,2) 
END; { l ( E ) . l )  
2 DO I N  P A R A L L E L  
FOR K 7 : = 2 . . 4  AND I 1  : = 1 .  . 4  
B E G I N  { V 2 [ 1 8 1 : A = B - C * D }  
B ~ K 2 , 1 1 , J , 2 > = B ~ K 2 , 1 1 , J , 2 ) - B ~ 1 , 1 1 , J , 2 > * B ~ K 2 , 1 , J , 2 ~ ~  
B ~ K 2 , 1 1 , J , 3 ~ ~ B ~ K 2 , 1 1 , J , 3 ~ - B ~ 1 , 1 1 , J , 3 ~ * B ~ K 2 , 1 , J , 2 ~ ~  
CC(K2,J)=CC(K2,J>-MDU(l,J)*B(K2,l,J,2> 
END; ( 1  ( E >  . 2 }  
3 DO-IN-PARALLEL 
FOR A L L  1 2 = 2 . . 4  AND I 1 : = 1 . . 4  
B E G ~ N  {VX~I :A=B/C} 
B(2,12,J,2>=B(2,12,J,2)/B(2,2,5,2>; 
B ( 2 , I l , J , 3 > = B ( 2 , 1 l , J , 3 ) / 8 ( 2 , 2 , 5 , 2 > ~  
MDU(2,3>=CC(2,J>/B(2,2,5,2> 
END; { 1 ( E > . 3 }  
4 DO I N - P A R A L L E L  
FOR A L L  K 3 = 3 .  . 4  AND I 2 = 2 .  . 4  AND I 1  : = 1 .  . 4  




END; ( 1  ( E >  . 4 }  
4 7  
SOLVE (CONTINUED)  
1 E .  5 DO-IN-PARALLEL 
FOR-ALL 1 3 = 3 . . 4  AND 1 1 : = 1 . . 4  
B E G I N  { V 5 [ 7 l : A = B / C }  
6(3,13,J,2)=6(3,13,J,2)/8(3,3,5,2); 
B ( 3 , I l  , J , 3 ) = 6 ( 3 , 1 1  , J , 3 ) / 6 ( 3 , 3 , 5 , 2 ) ;  
MDU(3,J)=CC(3,J)/B(3,3,5,2) 
END; { 1 ( E )  . 5 }  
6 DO-IN-PARALLEL 
FOR-ALL 1 3 = 3 . . 4  AND I 1 : = 1 . . 4  
B E G I N  { V 6 [ 7 I  :A=B-C*D} 
B ( 4 , 1 3 , J , 2 > - B ( 4 , 1 3 , J , 2 > - 8 ( 3 , 1 3 , J , 2 > * 8 ( 4 , 3 , J , 2 ) ~  
B ( 4 , I l  , J , 3 > = 6 ( 4 , 1 1  , J , 3 ) - B ( 3 , 1 1  , J , 3 > * 6 ( 4 , 3 , 5 , 2 > ;  
CC(4,J>=CC(4,J>-MDU(3,J)*B(4,3,5,2) 
END; ( 1  ( E >  .6} 
7 DO-IN-PARALLEL 
B E G I N  { V 7 [ 6 1 : A = B / C }  
FOR A L L  I 1  : = 1 .  . 4  
8(4,4,J,2>=8(4,4,J,2)/6(4,4,J,2>; 
B ( 4 , 1 1 , J , 3 > = B ( 4 , 1 1 , J , 3 > / 8 ( 4 , 4 , 5 , 2 > ;  
MDU(4,J>=CC(4,J>/B(4,4,5,2) 
END ( l ( E 1 . 7 )  
END { l ( E ) }  
END; ( 1  { {FOR J : = l .  .N} 
2 FOR J : = N . . l  DO 
B E G I N  
I F  J < N  THEN 
B E G I N  { 2 ( T > }  
1 DO-IN-PARALLEL 
1 FOR A L L  K 1 : = 1 . . 4  AND I 1 : = 1 . . 4  
B E G i N  { V 1 [  1 6 1  :A=B*C}  
END; { 2 ( T > .  l }  
2 DO I N  P A R A L L E L  




M O U ~ 2 , J ~ = M D U ~ 2 , J ~ - M B D 1 ~ 2 , 1 > - M B D 1 ~ 2 , 2 > - M B D l ~ 2 , 3 ~ - M 5 D l ~ 2 , 4 ~ ~  
M D U ~ 1 , J ~ = M D U ~ 1 , J ~ - M B D l ~ l , l > - M B D l ~ l , 2 ~ - M B D l ~ l , 3 ~ - M B D l ~ l , 4 ~ ~  
END; { 2 ( T )  . 2 }  





END; { 2 ( T )  . 3 }  
48 I 
SOLVE (CONTINUED) 
2T. 4 DO IN PARALLEL 
BEGIN- 
MDU( 2 , J )=MDU( 2, J ) -B( 2,3, J , 2 ) *MDU( 3 ,  J ) ; 
MDU(l,J)=MDU(l,J)-B(1,3,J,2)*MDU(3,J) 
END; {2(T) . 4 }  






END {2(T)} ELSE 
1 DO IN PARALLEL 





END; { 2 ( E ) . 1 }  




END; {2(E) .2} 
3 MDU(1,J)=MDU(1,J)-B(1,2,J12)*MDU(2,J~~ 






END (2) }J:=N..l} 
END; {SOLVE} 
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PROCEDURE DOMOVIE [CURRENT\RESULTS l ;  
{THE TRANSFER OF DATA FROM CALCULATE TO DOMOVIE NEEDS MORE D E F I N I T I O N  
CONSTANTS(REAL) 
, ALSO ,THE READ(5,FRAM) STATEMENT MUST BE ADDRESSED} 
D V A R S ( 7 ) = 7 . , 2 . 5 , 0 . , 0 . , 1 . , 1 . , 2 . ;  
DCL(  10)=-1 . ,-. 6 , - .  5 5 , - .  4 5 , - .  4 , - .  4 , .  4 5 , .  5 5 , .  6 , l  . 
VARIABLES(BO0LEAN)  
VARIABLES(C0MPLEX)  
V A R I A B L E S ( R E A L >  
CG 
R(2,2,24),REF(2,2),FO,RO,REFO,RCG(24) 
X ( 2 4 ) , Y ( 2 4 > , S ( 2 4 > , X C G ( 2 4 ) , Y C G ( 2 4 ) , T ( 2 ) , T O ;  
X V A R S ( 7 ) , Y V A R S ( 7 ) , C L ( l O ) ; L A B L E ( 8 )  
VARIABLES(1NTEGER)  
I T T E R , I V A R S ( 3 >  
B E G I  N 
1 I F  CURRENT THEN 
B E G I N  { l ( T ) }  
1 DO IN-PARALLEL 
BEGIN 
T R A N S F E R [ T ~ 1 ~ , R E F ~ J 3 , 1 > , R ~ J 3 , 1 , J ~ \ T O , R E F O ~ J 3 ~ , R I C ~ J , l , J 3 ~ 1 ;  
T R A N S F E R I T ( 2 )  ,REF(  5 3 . 2 )  ,R(  J 3 , 2 ,  J > \ T O , R E F O (  53) ,RIG( J ,  1 ,J3) 1 ; 
GMOVIE(200); 
B E G I N  
CURRENT=FALSE; 
FOR I : = 1 . . 7  DO VECTOR 
X V A R S ( I > = D V A R ( I ) ;  
Y V A R S ( I > = D V A R ( I ) ;  
I V A R ( l > = 3 ;  
I V A R ( 2 > = 2 ;  
I V A R (  3 ) =O 
END 
END; 
2 DO I N  PARALLEL 
BEGI N- 
I T I T L E ( 1 , 3 2 , 2 9 , L A B E L > ;  
XVARS(3)=KO;  
I XVARS(S>=RMAX; 
Y V A R S ( 3 ) = K 9 0 ;  
YVARS(S>=RMAX; 
FOR I:=l. . 1 0 DO VECTOR 
I TO=TMI N ; 
B E G I N  
I C L ( I > = D C L ( I ) * R M A X ;  
S S ( J ) = R M A X * S ( J >  
END 
END; 
I 3 WHILE TO<TMAX DO 
I B E G I  N 
1 I N T E N S ( K 4 0 )  ; {FORTRAN C 0 D E : C A L L  I N T E N S }  
2 X A X I S ( K S , K 5 , X V A R S ) ;  
3 Y A X I S ( K 5 , K 5 , Y V A R S > ;  
5 I N T E N S ( K 2 0 ) ;  
I 
4 FOR I : = 1 . . 5  BY 2 DO 
GPLOT(CL(I),CL(I),IVAR); 
6 FOR I T T E R : = l . . N U M  DO 
50 I 
B E G I N  
1 WHILE T O > T ( 2 >  DO-IN-PARALLEL 
B E G I N  
I -  
, -  
T ( l > = T ( 2 ) ;  
FOR A L L  J 3 = 1 . . 2  AND J : = l . . N  
B E G I N  { V l A [ 5 0 3  : A = B }  
R E F ( J 3 , 1 > = R E F ( J 3 , 2 > ;  
R( J 3 , l  , J > = R (  J 3 , 2 ,  J 1 
END; 
FOR A L L  J 3 = 1 . . 2  AND J : = l . . N  { V 1 8 [ 4 8 1 : T R A N S F E R }  
T E A N S F E R [ T ( 2 > ,  REF(  J 3 , 2 ) ,  R( J 3 , 2 ,  J >  \TO,REFO( J 3 ) ,  R I C (  J, 1 , J 3 )  1 
END; 
2 DO I N  P A R A L L E L  
BEGIN- 
REFO=FXX[REF,T,TOI ;  
FOR A L L  J : = l . . N  { V 2 [ 2 4 l : A = F X X }  
RO(J>=FXXCR(l,l,J,T,TO>-CPX(SS(J),SS(J)l 
END; 
3 DO I N  P A R A L L E L  
BEGIN- 
FOR A L L  J : = l . . N  { V 3 A [ 2 4 l : R = R E A L [ B 1 }  
FOR A L L  J : = l . . N  { V 3 B [ 2 4 l : R = I M A G [ B l }  
FOR A L L  J : = 1 .  .N  { V 3 C [ 2 4 l : R = R E A L [ B + C * D l }  
FOR A L L  J : = l . . N  { V 3 D [ 2 4 l : R = I M A G [ B + C * D l }  
I V A R ( Z ) = N ;  
I VAR ( 3 ) =O 
X ~ J > = R E A L [ R O ( J )  I; 
Y T J ) = I M A G [ R O (  J >  1; 
XCG( J )=REAL RO( J ) +RCG( J > * R E F 0  1 ; 
YCG( J )=I MAG [ RO( J ) +RCG( J ) * R E F 0  1 
END; 
4 DO I N  P A R A L L E L  
BEGIN- 
G P L O T [ X , Y , I V A R l ;  {FORTRAN C 0 D E : C A L L  GPLOT} 
TO=TO+H ; 
I VAR ( 3 ) = 1 
END: 
5 I F  CG THEN GPLOTCXCG,YCG, IVARl  
6 D I S P L A Y ( K 1 ) ;  { C A L L  D I S P L A }  






APPENDIX C :  CONDENSED DATA-FLOW STATEMENT 
___________________---_--_-------------_ 
PROGRAM SHAFT 
B E G I N  
1 :READ 
3:  RESET; 
4:NEWRAP; 
5 : I F  CONVERGED THEN 
B E G I N  
1 [ 2 1 : 2 @ L = B ;  





PROCEDURE I N I T I A L I Z E  
B E G I  N 
1 [ 2 0 6 1 : R = B * C ;  
2 [1721:148@R=B*C:24@R=B+C*D*E*(F-G) ;  




~ [ ~ ~ ~ ] : ~ ~ ~ @ R P B : ~ ~ @ R = - B - C * D : ~ ~ @ R = B + C * D : ~ ~ @ R = B + C + D * ( E + F + G ) :  
:24@R=B+C:24@R=B+C+D*E:24@R=-B-C:24@R=-B-C+D*E 
END; { I N I T I A L I Z E }  
PROCEDURE RESET 




I END; {RESET} 
PROCEDURE CALCULATE 
B E G I  N 
I 1 [ 1 l : I F  CURRENT THEN W A I T  E L S E  
I B E G I N  { l E }  
I 
WHILE T<=TMAX DO 
B E G I N  
1 : I F  CONVERGED AND Q < 4  THEN Sl(E>[491:I=B+C:48@A=B/C; 
2 [ 2 l : R = B + C : I F  Q=3 THEN FORESTEP3 ELSE FORESTEP4;  
3 [ 2 1 : N E W R A P : I F  Q=3 THEN 1[31:BACKSTEP3:HALFSTEP3:DOUBLESTEP3 
1 
I 
ELSE 1[31:BACKSTEP4:HALFSTEP4:DOUBLESTEP4;  
4 : I F  NOT CONVERGED OR E R R > E 0 4  THEN STEP{BACK}  E L S E  
I F  E R R c E 0 6  THEN STEPsDOUBLEe ELSE S T E P { H A L F } ;  
END; { 1 ( E ) }  
2 [ 1 5 1 : L = B : 3 @ R = B : 2 @ A = B ;  
3 : N R I T E  
END; {CALCULATE}  
PROCEDURE BACKSTEP3 
B E G I N  
END; 
PROCEDURE BACKSTEP4 
B E G I N  
END; 
PROCEDURE FORESTEP3 
B E G I  N 
END; 
PROCEDURE FORESTEP4 
B E G I  N 
END; 
PROCEDURE HALFSTEP3 
B E G I N  
END; 
PROCEDURE HALFSTEP4 
B E G I  N 
END; 
PROCEDURE DOUBLESTEP3 
B E G I  N 
END; 
PROCEDURE DOUBLESTEP4 
B E G I N  
END; 
PROCEDURE STEP 
B E G I N  {STEP} 
END {STEP}  
1 [194 l :R=B-C:R=B*C:48@A=B-C+D:48@A=(B-C-D)*E:96@A=B*C 
1 [242] :R=B-C:R=B*C:48@A=(B-C*D)*E:96@A=(B-C-D+E)*F:96@A=B*C 
1 [961 :A=B+C+D 
1 [192] :48@A=B*C:144@A=B+C+D+E 
1 [194] :2@R=B*C:48@A=B*C;144@A=(B*C+D) /E 
1 [ 1 9 4 ] : 2 @ R = B * C : 1 9 2 @ A = ( B * C + D ) / E  
1 [194] :2@R=B*C:48@A=B*C:144@A=(B*C+D)*E 
1 [194 ] :2@R=B*C:192@A=(B*C+D)*E  
1 [ 1 9 4 ] : 2 @ R = B : 1 9 2 @ A = B  
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BEG1 N { NEWRAP} 
1 [ 4 ] : 3 @ R = B + C : R = B - C ;  #R=4* ( L + A + S >  
2[101:2@A=B:5@A=B*C+D:2@R=B*C+D:R=B*C*D; #R=3L+3S+2A+2M 
#A=5(L+A+M+S)  
3[51:2@A=B*C+D:2@R=B*C+D; #R=2 ( L+A+M+S) 
#A=2(L+A+M+S> 
4[53:3@R=B/C:R=COS[BI:R=SIN[BI~ #R=SL+2COS+3D+5S 
5 [ 3 I : # A = C P X [ B , C l ;  #A=3(L+CPX+S)  
6[1761:2@A=CPX[B,C1:76@R=B*C #R=77L+76M+77S 
7 [ 2 4 l : A = B * C + D + E ;  #A=24(L+2A+M+S> 
8 [ 1 1 : W H I L E  I T T E R c K 2 0  DO #R=20( (5+11N>T+(53+58N>(L+S>+A 
: 4 8 @ A = B * C : 4 8 @ A = B : I = B ;  # A = 9 8 L t 2 C P X + 4 8 M + 9 6 S  
+(2N>M+D+#R[SOLVEI+48CABS 
+(l+N)#R[CALCll+(N)#R[CALC21 
+ ( 2 N 1 I M A G  
+(6+31N>M+(N>D+48CPX+#ACSOLVEI  
#A=20((582+44N)(L+S)+(96+27N)A 
B E G I N  +(l+N)#A[CALClI+(N>#A[CALC21 
1 [ 2 1 : I = B + C : I = B ;  #R=2L+A+2S 
2 [ 8 1 : 6 @ A = B * C : C A L C l :  # R = # R [ C A L C l I + D + T + 3 L + 3 S  
I F  M O D [ I T T E R , 4 1 < > 1  THEN #A=#A[CALC11+582(L+S>+96A+6M 
2 ( T > : L = B  ELSE +4acpx 
2 ( E > [ 5 7 7 l : L = B : 4 8 0 @ A = B :  
:48@A=B-C:48@A=B-CPX[O,Cl ;  
3 [ 1 1 : F O R  J : = l . . N  DO #R=N(3Tt54L+54S+2M+2IMAG 
+ # R [ C A L C l l + # R [ C A L C 2 3 >  
+ # A [ C A L C l I + # A [ C A L C 2 1 )  
# A = N ( 4 4 L + 4 4 S + 2 7 A + 3 1 M + D  
B E G I N  
1 [ 5 3 : 2 @ R = B * C : 2 @ A = B * C  #R=T+#R [ C A L C 1 1 + 2  ( L+M*S 
: I F  J < N  THEN C A L C l  #A=3(  L+M+S>+#A[CALCl  I 
ELSE 1 ( E > [ 6 1 : A = B * C ;  
2 [ 2 1 : A = B * C ;  #A=2(L+M+S)  
3 [ 2 4 l : A = B * C ;  # A = 2 4 (  L+M+S> 
4[21:A=-(B+C+D+EtF+G+H+I) #A=2 ( L+ 1 3A+M+S> 
I 
I :A=B*(C+D+E+F+G+H) ;  
I 6 [ 1 l : I F  L O C ( J >  THEN C A L C 2 ;  #R=T+#R[CALC21 
I # A = # A [ C A L C 2 1  
5[1l:A=-(B+C+DtE+F+G+H+I+J-K>/M # A = L + A + D t S  
7[64]:12@A=B:26@R=REAL[BI # R = 5 2 ( L + I M A G + S )  
: 2 6 @ R = I M A G [ B I  # A = 1 2 ( L + S )  
4 [ 2 1 : L = B : S O L V E  #R=L+S+#R[SOLVEl  
5 [ 4 8 I : R = C A B S [ B l ;  #R=48(  L+CABS+S) 
6 [ 2 ] : F O R  I : = 1 . . 2  AND J : = l . . N  DO #R=4N(2T+L+S)  
END; 
# A = # A [ S O L V E l  
I F  A B S U ( I , J > > E R R  THEN R=B 
:FOR I : = 1 . . 2  AND J : = l . . N  DO 
I F  A B S U D O T ( I , J ) > K E l O  THEN L = B ;  
7 [ 1 1 : I F  CONVERGE THEN I = B  #R=T+L+S 
END (S8) 
END {NEWRAP} 
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PROCEDURE C A L C l  #R=T+2L+2S+CABS 
B E G I N  { C A L C l }  # A = l O L + 2 0 M + l O A + 1 O S  
1 [ 1 0 l : A = B + C * D * E ;  #A= lOL+2OM+1OA+lOS 
2 [ 1 l : R = C A B S [ B l ;  #R=L+CABS+S 
3 [ 1 l : I F  ABSR>RMAX THEN R=B #R=T+L+S 
END; { C A L C l }  
PROCEDURE CALC2 # R = 4 T + 3 L + 3 S + 6 A + 1 3 # R [ E X T E R l  
B E G I N  {CALCZ}  #A=50L+50S+98A+24M+24D+13#A[EXTERl 
1 L l l : E X T E R ;  #R=#R[EXTERI  
#A=#A[EXTERI  
2 [ 2 l : A = B + C ;  #A=2L+ZA+2S 
3 [ 1 l : I F  F L A G  THEN FOR L : = 1 . . 3  DO # R = T + 3 ( T + L + S t 2 A + 4 # R [ E X T E R l )  
BEG1 N # A = 3 ( 1 6 L + 1 6 S + 3 2 A + 8 M + 8 D + 4 # A [ E X T E R I >  
1 [ 1 I : I=B+C-D ; 
2 [ 8 1 : A = B + C * ( D + E ) ;  #A=8(L+2A+M+S) 
3 C 4 1 : E X T E R ;  #R=4#R[EXTERI  
#A=4#A[EXTERI  
4 [ 8 1 : A = B + ( C - D > / E  # A = 8 ( L + 2 A t D t S >  
#R=L+2A+S 
END 
END; { C A L C l }  
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PROCEDURE EXTER #R=(1/24)(49T+6L+6S+3A+3D+3CABS+Z#R[JOURNLI> 
B E G I N  {EXTER} #A=(1/24)(5L+5S+2A+8M+3CPX+Z#A[JOURNLI> 
1 C21 :A=B; #A=L+S 
2 [ 1 1 : I F  ( J = 5  OR J = 1 9 >  THEN # R = T + ( 2 / 2 4 ) # R [ J O U R N L l  
B E G I N  { 2 ( T > }  #A=(2/24>(L+A+M+S+#A[JOURNLI) 
1 C 1 3 : JOURNL ; 
2 1 1  1 :A=B-C*D 
END { 2 ( T > }  ELSE 
I F  ( J = 3  OR J = 1 2  OR J = 2 1 >  THEN # R = ( 2 2 / 2 4 ) T + ( 3 / 2 4 l ( T + Z L + Z S + A + D + C A B S )  
B E G I N  { 2 ( E > ( T ) }  # A = ( 3 / 2 4 ) ( L + Z M + C P X + S )  
1 1 1  l : R = C A B S [ R R l ;  #R=L+CABS+S 
2 [ 1 l : I F  D E L > K 0 0 2  THEN #R=T+ L+A+D+S 
B E G I N  { 2 ( T ) }  #A=L+2M+CPX+S 
1 [ l  l : R = B - C / D ;  
2 [ 1 I :A=B*C*CPX[D,  E I 
END { 2 ( T ) }  
END { 2 ( E ) ( T > }  
END; {EXTER}  
. 
PROCEDURE JOURNL #R=3T+4X+5L+4S+A+M+CABS+SQRT+ATAN 
B E G I N  {JOURNL}  #A=28X+13L+13S+9A+13M+5D+ABS+CONJ 
l : A = ( B - C * D * E ) / F ;  #A=X+L+A+2M+D+S 
2 : R = C A B S [ V l ;  #R=X+L+CABS+S 
3 : I F  A B S V < > O  THEN #R=3T+3X+4L+3S+A+M+SQRT+ATAN 
B E G I N  { 3 ( T ) } 9  #A=27X+lZL+l2S+8A+llM+4D+ABS+CONJ 
l : A = A B S [ B I * C / D ;  #A=X+L+M+D+ABS+S 
2 : A = C O N J [ B l ;  #A=X+L+CONJ+S 
3 :R=B*C;  #R=X+L+M+S 
4 : I F  H<=KDM12 . . .  ELSE #R=2T+2X+3L+2S+A+SQRT+ATAN 
B E G I N  { 4 ( E ) }  #A=25X+lOL+lOS+8A+lOM+3D 
l : A = B * C * D ;  #A=X+L+ZM+S 
2 : R = S Q R T ( l - B > ;  #R=X+L+A+SQRT+S 
3 : A = ( l - B ) * C ;  #A=X+L+AtM+S 
4 [41  :A=B*C; #A=4X+L+M+S 
5 1 5 3  :A=B*C; #A= 5 X + L+M+ S 
6 [ 4 l : A = B * C ;  #A=4X+L+M+S 
7 [ 5 1 : A = ( B + C > / D ;  #A=SX+L+A+D+S 
8 [ 2 1 : A = B - C * D / E ;  #A=2X+L+A+M+D+S 
9 : A = B + C * D / E ;  #A=X+L+AtM+D+S 
1 O : I F  NOT CAV THEN . . .  ELSE #R=T+X+2L+S+ATAN 
B E G I N  { 1 0 ( E ) }  #A=2X+2L+4A+2M+2S 
l : R = A T A N [ - B , R E A L [ C I l ;  #R=X+ZL+ATAN+S 
2:A=B+C-D; #A=X+L+2A+S 
3 : A = B * ( C * D + E - F )  #A=X+L+2A+2M+S 
END { O ( E ) }  
END { 4 ( E > }  
END { 3 ( T ) }  
END; {JOURNL}  
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PROCEDURE SOLVE 
B E G I N  {SOLVE}  
BEG1 N 
1:FOR J : = l . . N  DO 
I F  J < N  THEN 
B E G I N  { 1 ( T > }  
1 [ 9 1 : R = B / C ;  
3 [ 8 I : R = B / C ;  
5 [ 7 1 : R = B / C ;  
6 [ 1 7 l : R = B - C * D ;  
7 [ 6 1 : R = B / C ;  
8 [ 2 4 l : R = B - C * D  
2 [ 6 3 1 : R = B - C * D ;  
4 [ 4 8 l : R = B - C * D ;  
END { l ( T ) }  ELSE 
B E G I N  { 1 ( E ) }  
S 1 [ 9 1 : R = B / C ;  
S 2 [ 1 8 1 : R = B - C * D ;  
S 3 [ 7 1 : R = B / C ;  
S 4 [ 1 6 l : R = B - C * D ;  
S 5 [ 7 l : R = B / C ;  
S 6 [ 7 1 : R = B - C * D ;  
' 5 7 1 6 1  : R = B / C ;  
END { l ( E > )  
END; { l} 
B E G I N  (2)  
2:FOR J : = N . . l  DO 
I F  J < N  THEN 
B E G I N  { 2 ( T > }  
1 [ 1 6 1 R=B*C ; 
2[41 :R=B-C-D-E-F;  
3 [ 3 1 : R = B - C * D ;  
4 [ 2 l : R = B - C * D ;  
5:R=B-C*D;  
6 [ 2 1  :A=B-CPXCC*DI 
END { 2 ( T ) }  ELSE 
B E G I N  { 2 ( E ) }  
S 1 [ 3 1  :R=B-C*D; 
S 2 [ 2 l : R = B - C * D ;  
S 3 [ 1 1  :R=B-C*D; 
S 4 [ 2  1 : A = B - C P X [ C * D I  
END { 2 ( E ) }  
END ( 2 )  
END; {SOLVE}  
#R=9(  L t D t S )  
# R = 6 3 (  L + A + M t S )  
# R = 8 ( L + D + S >  
#R=48 ( L+A+M+S 1 
#R=7 ( L+D+S 1 
#R=17(L+A+M+S)  
# R = G ( L t D + S )  
#R=24(  L+A+M+S) 
# R = 7 0 L + 7 0 S + 4 1 A + 4 1 M t 2 9 D  
#R=(N-l)(2T+28L+28S+24A+24M)+ZT+9L+9S+9A+gM 
#A=2N(L+S+A+M+CPX) 
# R = T + 2 8 L + 2 8 S + 2 4 A + 2 4 M  
#A=2(L+A+M+CPX+S) 
#R= 1 6 ( L+M+S ) 
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APPENDIX D :  THE C R I T I C A L  PATH 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - -  
PROGRAM SHAFT 
B E G I N  
1 : READ 
2 : I N I T I A L I Z E ;  
3 :RESET;  
4 :  NEWRAP; 
5 : I F  CONVERGED THEN 
B E G I N  
1 [ 2 1 : L = B ;  




PROCEDURE I N I T I A L I Z E  
B E G I N  
1 [ 2 0 6 1 : R = B * C ;  
2 [ 1 4 8 1  : R=B*C; 
3 [ 9 6 1 : R = B / ( C * ( D - E ) ) ;  
4 [ 1 2 0 l : R = B + C ;  
5 [ 4 8 l : R = B + C ;  
6 [ 4 8 1 : R = B * C ;  
8 [ 9 6 I : R = B / C ;  
9 [ 1 2 0 1 : R = B  
7 [ 2 4 l : R = B - C ;  
END; { I N I T I A L I Z E }  
PROCEDURE RESET 
B E G I N  
1 [ 4 8 l : A = B ;  
2 [ 1 7 0 1 :  R=B/C;  
3 1 8 5 2 1  : R = - B * C , A = I M A G [ R l ;  
END; {RESET}  
PROCEDURE CALCU LATE 
B E G I  N 
1 : I F  CURRENT . . .  ELSE 
B E G I N  ( 1 E )  
B E G I  N 
WHILE T<=TMAX DO 
1 : I F  CONVERGED AND Q < 4  THEN 
2 :CASE Q OF . . .  FORESTEP4;  
3 : NEWRAP 
4 : I F  NOT CONVERGED OR E R R > E 0 4  . . .  ELSE 
l ( E > [ 4 9 1 : A = B / C ;  
I F  E R R c E 0 6  THEN STEPSDOUBLE};  
END { l ( E ) . l }  
END; { l ( E ) }  
2 [ 3 1 : R = B ;  
3 : W R I T E  
END; {CALCULATE}  
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I PROCEDURE FORESTEP4 
B E G I  N 
END; 
PROCEDURE NEWRAP 
1 [ 9 6 1 : A = B + C + D + E  
B E G I N  {NEWRAP} 
1 [ 3 1 : R = B + C ;  
2 [ 5 l : A = B * C + D ;  
3 [ 3 1 : A = B * C + D ;  
4 : R = C O S [ B I ;  
5 [ 3 3 : A = C P X C B , C l ;  
6 [ 5 0 l : A = B * C ;  
7 [ 2 4 l : A = B * C + D + E ;  
8 : W H I L E  I T T E R c K 2 0  DO 
B E G I  N 
1 I = B + C ;  
2 : I F  M O D [ I T T E R , 4 1 < > 1  . . .  ELSE 
A=B-CPX[CI; 
3:FOR J : = l . . N  DO 
B E G I  N 
1 : I F  J < N  THEN C A L C 1 ;  
2 [ 2 l : A = B * C ;  
3 [ 2 4 l : A = B * C ;  
4 :A=B*(C+D+E+F+G+H) ;  
S:A=-(B+C+D+E+F+G+H+I+J-K)/M 
6 : I F  L O C ( J >  THEN C A L C 2 ;  
7 [ 2 6 I : R = I M A G [ B l  
END; 


















# A = N ( 2 8 X + 4 L + 4 S + l S A + 3 M + D  
+#R[CALClI+#R[CALC21+IMAG) 
+ # A [ C A L C l l + # A [ C A L 2 3 )  
#R=T+#R[CALCl  I 








5 [ 4 8 I : R = C A B S [ B l ;  
6 : F O R  I : = 1 . . 2  AND J : = l . . N  DO 
I F  A B S U ( I , J ) > E R R  THEN R=B; 
7 : I F  CONVERGE THEN I = B  
END ('58) 
END; {NEWRAP} 
PROCEDURE C A L C l  #R=T+2X+2L+2S+CABS 
B E G I N  { C A L C l }  #A= lOX+L+S+A+2M 
1 [ 1 0 1 : A = B + C * D * E ;  #A=lOX+L+2M+A+S 
2 : R = C A B S [ B I ;  #R=X+L+CABS+S 
3 : I F  ABSR>RMAX THEN R=B #R=T+X+L+S 
END; { C A L C l }  
#R=#R[SOLVEl  
# A = # A [ S O L V E l  
#R=48X+L+CDABS+S 
# R = 2 N ( 2 T + X + L + S >  
1 
#R=T+X+L+S 
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PROCEDURE CALCZ # R = 4 T + 3 X + 3 L + 3 S + 6 A + 4 ( # R [ E X T E R l )  
B E G I N  (CALC2)  # A = 5 0 X + 7 L + 7 S + 1 3 A + 3 M + 3 D + 4 ( # A [ E X T E R l )  
1 : EXTER ; #R=#R[EXTERI 
#A=#A[EXTERl  
2 [ 2 1 : A = B + C ;  #A=2X+L+A+S 
3:IF F L A G  THEN FOR L : = l . . 3  DO # R = T + 3 ( T + X + L + S + 2 A + # R [ E X T E R ] )  
BEG1 N #A=3(16X+ZL+2S+4A+M+D+#A[EXTERI) 
l : I = B + C - D ;  #R=X+L+2A+S 
2 [ 8 l : A = B + C * ( D + E > ;  #A=aX+L+ZA+M+S 
3 [ 4 l : E X T E R ;  #A=#A[EXTERl  
#R=#R[EXTERI 
4 [ 8 1 : A = B + ( C - D ) / E  #A=8X+L+2A+D+S 
END (3 )  
END; { C A L C 2 }  
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PROCEDURE EXTER #R=(1/24)(49T+2#R[JOURNLl+6X+6L+6S+3A+3D+3CABS) 
B E G I N  {EXTER}  #A=(1/24)(53X+29L+29S+ZA+8M+Z#A[JOURNLI+3CPX) 
1 [ 2 1  :A=B;  
2 : I F  ( J = 5  OR J = 1 9 )  THEN # R = T + ( 2 / 2 4 > # R C J O U R N L l  
#A= 2 X+ L+ S 
B E G I N  { 2 ( T ) }  #A=(2/24)(X+L+A+M+S+#A[JOURNLI) 
1 : JOURNL; 
2 :A=B-C*D 
END { 2 ( T ) }  ELSE 
I F  ( J = 3  OR J = 1 2  OR J = 2 1 )  THEN # R = ( 2 2 / 2 4 ) T + ( 3 / 2 4 > ( T + Z X + 2 L + 2 S + A + D + C A B S )  
BEG1 N # A = ( 3 / 2 4 ) ( X + L + S + Z M + C P X )  
1 :R=CABS #R=X+L+CABS+S 
2 : I F  D E L > K 0 0 2  THEN #R=T+X+L+A+D+S 
B E G I N  #A=X+L+ZM+CPX+S 




END; {EXTER}  
PROCEDURE JOURNL #R=3T+4X+SL+4S+A+M+CABS+SQRT+ATAN 
B E G I N  {JOURNL}  #A=28X+13L+13S+9A+13M+5D+ABS+CONJ 
l : A = ( B - C * D * E ) / F ;  #A=X+L+A+ZM+D+S 
2 : R = C A B S [ V l ;  #R=X+L+CABS+S 
3 : I F  A B S V < > O  THEN #R=3T+3X+4L+3S+A+M+SQRT+ATAN 
BEGIN { 3 ( T ) }  #A=27X+12L+12S+8A+llM+4D+ABS+CONJ 
l : A = A B S [ B I * C / D ;  #A=X+L+M+D+ABS+S 
2 : A = C O N J [ B l ;  #A=X+L+CONJ+S 
3 : R = B * C ;  #R=X+L+M+S 
4 : I F  H<=KDM12 . . .  ELSE #R=ZT+2X+3L+2S+A+SQRT+ATAN 
B E G I N  { 4 ( E ) }  #A=25X+lOL+lOS+8A+lOM+3D 
l : A = B * C * D ;  #A=X+ L+2M+S 
2 : R = S Q R T ( l - B ) ;  #R=X+L+A+SQRT+S 
3 : A = ( l - B ) * C ;  #A=X+L+A+M+S 
4 [ 4 1 : A = B * C ;  #A=4X+L+M+S 
5 [ 5 l : A = B * C ;  #A=SX+L+M+S 
6 [ 4 l : A = B * C ;  #A=4X+L+M+S 
7 [ 5 1 : A = ( B + C ) / D ;  # A = 5 X + L + A + D t S  
8 [ 2 l : A = B - C * D / E ;  #A=2X+L+A+M+D+S 
9 : A = B + C * D / E ;  #A=X+L+A+M+D+S 
1 O : I F  NOT CAV THEN . . .  ELSE #R=T+X+2L+S+ATAN 
B E G I N  { 1 0 ( E > }  #A=2X+ZL+4A+ZM+2S 
l : R = A T A N [ - B , R E A L [ C I I ;  #R=X+2L+ATAN+S 
2 :A=B+C-D;  #A=X+L+2A+S 
3 : A = B * ( C * D + E - F >  #A=X+L+2A+2M+S 
END { 1 0 ( E ) }  
END { 4 ( E ) }  
END { 3 ( T > }  
END; {JOURNL}  
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PROCEDURE SOLVE 
BEG1 N { S O L V E }  
B E G I N  
1:FOR J : = l . . N  DO 
IF J<N THEN 
B E G I N  { l ( T > )  
1 [ 9 l : R = B / C ;  
2 [ 6 3 1 : R = B - C * D ;  
3 [ 8 1 : R = B / C ;  
4 [ 4 8 1 : R = B - C * D ;  
5 [ 7 1  : R = B / C ;  
7 [ 6 1 : R = B / C ;  
8 [ 2 4 1 : R = B - C * D  
END { l ( T > }  ELSE 
B E G I N  { 1 ( E > }  
6 [ 1 7 I : R = B - C * D ;  
S 1 [ 9 l : R = B / C ;  
S 2 [ 1 8 1 : R = B - C * D ;  
S 3 [ 7 l : R = B / C ;  
S 4 [ 1 6 l : R = B - C * D ;  
S 5 [ 7 1 : R = B / C ;  
S 7 [ 6 1 : R = B / C ;  
S 6 [ 7 1 : R = B - C * D ;  
END { 1 ( E > }  
END; { l }  
B E G I N  (2) 
FOR J : = 1  TO N DO 
I F  J < N  THEN 
B E G I N  { 2 ( T > }  
1 1 6 1  R=B*C; 
2 [ 4 l : R = B - C - D - E - F ;  
3 [ 3 l : R = B - C * D ;  
4 [ 2 l : R = B - C * D ;  
5:R=B-C*D;  
6 [ 2 I : A = B - C P X [ C * D l  
END { 2 ( T > }  E L S E  
B E G I N  { 2 ( E > }  
S 1 [ 3 l : R = B - C * D ;  
S 2 [ 2 l : R = B - C * D ;  
S3C 1 1 : R=B-C*D; 
S 4 [ 2 3 : A = B - C P X [ C * D l  
END { 2 ( E ) }  
END (2 )  
END; { S O L V E }  
# R = 9 X + L + D t S  
# R = 6 3 X t L t A t M + S  
# R = a X + L t D t S  
# R = 4 8 X t L + A t M + S  
# R = 7 X t L t D t S  
# R = 1 7 X t L t A t M t S  
# R = 6 X t L t D t S  
# R = 2 4 X + L t A t M t S  
NOTE: #R & #A FOR T H I S  ELSE CLAUSE ARE 
APPROXIMATELY ACCOUNTED FOR BY 
FROM N-1 TO N .  
I N C R E A S I N G  THE THEN-CLAUSE-MULTIPLIER 
# R - N ( T t 2 6 X t 5 L t 5 S + 7 A t 4 M )  
# A = N ( 2 X + L t A t M t S t C P X )  
# R = T + 2 6 X t S L + 5 S t 7 A + 4 M  
# A = 2 X t L + A t M + C P X t S  
# R = 1 6 X + L t M t S  
# R = 4 X + L + 4 A t S  
#R=3XtL+A+M+S 
#R=2X+LtA+M+S 
# R = X t L t A + M t S  
#A=2X+L+A+M+CPXtS 
NOTE: SEE NOTE ABOVE 
6 3  
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TABLE 11. - OPERATIONAL SUMMARY FOR SERIAL CALCULATIONS OF THE NEWTON-RAPHSON ALGORITHM 
( a )  O p e r a t i o n s  r e q u i  r e d  f o r  r e a l  number r e s u l  t s .  
Procedure S A M 0 T 
5 380 
500 
~ 1 920 




































52; 1 0 
81 040 14 380 
( b )  O p e r a t i o n s  r e q u i r e d  o r  complex number r e s u l t s  

















































TABLE 111. - OPERATIONAL SUMMARY FOR THE CRITICAL PATH CALCULATION 
OF THE NEWTON-RAPHSON ALGORITHM 
( a )  O p e r a t i o n s  r e q u i r e d  f o r  r e a l  number r e s u l t s .  
Procedure X T 
Procedure Real # CALCS, Complex # CALCS, T o t a l  CALC, 









Procedure Real # CALCS, 
NEWRAP main 10.89 + 14904Tx 
500"CALCl 7.30 + 906 
480"EXTER 17.31 + 1440 
6240"EXTER 16.12 + 480 
20" SOLVE 11 2 9  + 640 
520"JOURNL 61.24 + 97760 
msec 
Complex # CALCS, T o t a l  CALC, 
msec msec 
81.92 + 13545(2Tx) 92.81 + 41994 Tx 
14.50 + 4800 21.80 + 10506 
90.22 + 24000 107.53 + 49440 
10.96 + 4240 27.08 + 8960 
48.45 + 4480 59.74 + 9600 
71.11 + 99680 9.87 + 960 
L S I MAG D A M 
NEWRAP main 




































































( b )  O p e r a t i o n s  r e q u i r e d  f o r  complex number r e s u l t s  
Procedure D CPX CONJ 






























NEWRAP ma in  





















NEWRAP ( t o t a l  s e r i a l  ) 
NEWRAP ( t o t a l  s e r i a l )  380.07 + 220180 Tx 
where Tx and 2Tx a r e  t h e  assumed t r a n s f e r  t i m e s  a s s o c i a t e d  
w i  t h  r e a l  and complex number, r e s p e c t  i v e l  y . 
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FIGURE 1. - THE ROTOR-BEARING SYSTEM. 
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FIGURE 2 .  - EFFECT OF OPERATIONAL OVERHEAD ON PARALLEL CALCULATION TIM. 
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